
Vol. OXII. 


2/i()-“'’/i2 1942. 



RED ACTORE.S 

GOSTA BECKER G. BERGMARK " 

Helsingfors Upsnin r.,^T7.<R 

.^.,ARER OEAVBA.SSE. OSTEJ^JO^T, SVE.JROrAR 

Kfibenlinvn Oslo 

WILLIAM KEIiPPOLA ANDERS KRlSTENSOi 

, , Slockholm 

Helsingfors 


EGGERT MOLLER 

Kobcnliavn 

OLAF SCHEEL 

Oslo 

IN ANNA SVARTZ 

SlocUliolm 


F. SALTZMAN 

Helsingfors 

J 6 N HJ. SiGURdSSON 

RcyUinvlk] 


ARVO VESA 

Helsingfors 


//. X. SALVESEN 

Oslo 

C. SONNE 

Kfibenlmvn 


ERIK WARBURG 


Ti rih#»nhnvn 


./. G. G. BORST 

Amsterdam 


w. A. KUENEN 

Leyden 

/. SNAPPER 

Amsterdam 


RDiTOn 

/. Holmgben 

Stockholm 

COLLABO RANT: 


C. D, DE LANGEN 

Utrecht 



In DANIA: S. Bang, H. C. Gram, C. Iloltcn, Aage Tli. .Taeobscn, E. Meulongracht, 
Aa. Nyfeldt, K. Schroeder, K. Sccher. 

In FeNNIA; Erik Adlercreutz, Woldcmnr Backman, Bortol von Bonsdorff, Mons-Ctirisfian 
Ehrstrom, Erik Hlsingcr-Jagerskiold, Martin Savolin, Pauli Soisnlo, >T. \\ ablboi'g, 
E. A, V. Willobvand. 


In HOLLANDIA : F. S. P. van Bucheni, J. Mulder. 

In NORVEGIA: Olat Bang, Gunnar Boe, R. Hatlobol, Fr. Hnrbitz, 11. P. Rost, Anton 
Jervell, G. H. Monrad-Krohn, K. Motzfeldt, Carl Mflller, Olnf Roincke. 

In SuECIA: Erik Ask-Upmark, Rilding Bcrglund, Stig Bjorkmnn, Leonard Bralime. 
Arthur Engel, Birger Enocksson, Claes Grill, A, Gnllbring, Sixten Rosser, Arnold 
iTosefson, G. Kalilmeter, Kj. 0. at Klercker, Eskil Kylin, Oscar Lindboin, Folko 
Lindstedt, Malte Ljungdalil, Raqvin Malmros, Gustav Nylin, Martin Odin, Ernst 
Sahlgren, Ernst B. Saldn, Elsa Segerdahl, Birger Strandoll, ' Gotthard Soderbergh, 
J. Tillgren, Jan Waldonstrdni, Erik Wassdn, A. IVestergron, R. Olincll. 


ACTA lit E n I C A S C A N B I N A V I C A’S F (") R I, A G, S T O C K H O L >1 





HELSINGFORS 1Q42 
MERCATORS TRYCKEKI 



INDEX. 


Vol. CXIT. 


Pac. 


nrdichm (Oslo): Andmic i\ type pcrinciciix chcz iin ciirant (Ic 9 mols 1 
Bo Norberg (Ulriksdal, S^vc(lcn): Note on the dclcrminnUon 

oxide in blood ,*•••••••••••••••*••*•••****** ^ 

nrih A<ik‘UDmark (Lund, Schweden): Coarclatio aortac ; * ' 

J mider (Groningen, Holland): Auricular cxtrasystolcs mducing auricular 

’ fibrillation in acute infectious diseases ' V * ‘..V.; ‘ ' 

Riinar Brenninq (Upsala, Sclnvedcn): Studicn tthcr die Vasodilalalorfunktion 
bei cinem Fall von \s’ahrscl\cinUchcr Hcrdlfision in der Medulla oblongata 4/ 
Knud Lundbaek (CopcnJiagcn): On chronic thyroiditis, Riedel's slrmnn, 
tHashimoto's struma*, and lyinphadcnoid goiter, with report of a case of 

chronic tliyroiditis ‘ ‘ ‘ ^ ‘ i i ‘ * 

Eslher Ammundsen and Villars Lunn (Copenhagen): Acute lalal Kldno\ 

lesion in salvarsan-treated sj^ilUlilics OS 

P. Plum and Chr. Uldall (Copenhagen); Investigations into tlic cause of the 
physiological iiypoprothrobincmia in newborn children. H. Fat digestion of 

new-born infants 

Erling Lundstcen (Aarhus, Denmark): Some studies on blood coagulation, 

with reference specially to the problem of hemophilia 90 

J. Mulder (Groningen, Holland): Types of pneumococci in pneumococcal 

affections of adults in Holland 1 0,*! 

Toivo Stenstam (Lund, Sweden): Benzol and the blood picture Ill 

Olol Sievers (Helsingfors): Blood group determination of reticulocytes.... LIP 
Claus Miink Plum (Copcnliagcn); Reticulocyte ripening substances in human 

blood - l.'il 

Cornelia van Beck, A. J. Clt, Kacx and Dr. P. J. Koorenutn (Leyden, The 
Netberkands): Two cases of spontaneous lIJ^)ogIyccmia due to a tumor of 

the islands of Langcrlians 

Sigurd IVcndt (Upsala, Sweden): Seasonal variations in the occurrence of 

pernicious anemia Igg 

J. Glavind, E. Hjalmar Larsen and P. Plum (Coj)cnhngen); investigations 
into the cause of the physiological liypoprolhrombinemin in new-born 
children. III. 'Hie vitamin K content of feces of infants and adults. , . . 19, g 

H. Dam, J. Glavind, E, Hjalmar Larsen and P. Plum (Copcnliagcn): Investi- 
gations into the cause of the phj’siological hypoprolhrombincmia in new- 
born children lY. The vitamin K content of woman’s milk and cow’s 

• 

G. Kling, G. Olin, J. Fdhracus and G. Norlin (Stockhoim): Sewage as 'a 
earner and disseminator. of poliomyelitis virus. Part I. Soardiing for 
poliomyelitis virus in Stockholm sewage... ^ oi- 

■ "“‘I G. Norlin (StocUioim); Sewage aVii carrier ' 

dutom^of ^ P°^'°!^yclitis virus. Part 11. Studii'f on the con- 

S/iff Snlr /r ^ 1 outKiflc llic Jmman organism 250 

2Gl / 



Knud Brochner-Mortensen (Copenhagen): Iron content of the scrum in lesions 

of the liver and bile passages 

William Kerppola (Helsingfors): Einc auf der Diazofarbe beruhendc Melhode 
zur quantitativen Bestimmung des aus Fllissigheit extrahierten Bilirubins 
Erling Lundsteen (Aarhus, Denmark): On the clot-retraction of the blood 
Herman Levison and Oskar Thordarson (Copenhagen): Mumps meningitis and 

meningo-encephalitis 

Ik. Thune Andersen (Svendborg, Denmark): Neurosis cordis 

Kaj Rojel (Copenhagen): Inulin clearance and the determination of inulin in 

blood and urine 

C. F. Ehlerlsen (Aarhus, Denmark): The late prognosis in rheumatic fever 
Konrad Birkhaug (Bergen, Norway): Concurrent development and subse- 
quent dissociation of anaphylaxis, allergy and immunity in tuberculosis 
P. Plum and Jacob E. Poulsen (Copenhagen): Prothrombin content of the 

blood in pulmonary tuberculosis 

Joks. Salem (Luster, Norway): Concerning negative tuberculin reactions in 

active pulmonary tuberculosis 

Henrik Lindeman and Olio Selvaag (Aker, Norway): Some investigations on 
the protective colloids in urines and their relationship to other physico- 
chemical properties of urines 

E. Winge Flensborg (Copenhagen): A clinical study of erysipelas with special 
reference to primary foci of infection and differential-diagnostic difficulties 
Elisabelh Harslad, Knud 0. Mailer und Margrclhc H. Simesen (Kopenhagen): 
Ober den Wert der Magensphlung bei der Behandlung von akuten Ver- 

giftungen 

Lennarl Kirslein (Stockholm):. A contribution to the knowledge of the 

prognosis of epilepsy 

Jack Adams-Ray and Sven-Gosla SJoberg (Stockholm): Contribution to our 

knowledge of the pathogenesis of unilateral exophtalmus 

Vagn Mortensen (Copenhagen): The electrocardiogram in anterior wail infarc- 
tion • • • 

Harold Sandslrdm (Vastcrvlk, Sweden): Aggregations of cases of acute menin- 

go-encephalomyelitis of unknown genesis 

Sven Hammarslrdm (Upsala, Sweden): A study of cancer frequency in Stock- 
holm 

Carl-Olof Oldfell (Stockholm): Treatment of subacute bacterial endocarditis 

(endocarditis lenta) witli heparin 

Carl-Olof Oldfell (Stockholm); Heparin treatment in cardiac insufficiency 

with intermittent auricular fibrillation and multiple embolism 

Volumes suppldmcntaires des Acta mcdica scandinavica publics 1921 1942 


Tag. 

277 

291 

302 

314 

328 

338 

353 

393 

426 

435 

445 

455 

478 

515 

524 

.529 

539 

5C8 

585 

593 

001 


Supplementum CXXXVII, Thor SullslrSm f Stockholm); Das Vorkommen 
und die Verbreitung der multiplcn Sklerose in Schweden. 

Supplementum CXXXVII I, Frilz Karlslrdm (Karlstad, Sweden): The Cl-ion 
content of the cerebro.spinal fluid and its relation to the Cl-ion co 
the blood. 



Acta Medica Scandhiavica. 


Vol. CXII, fasc. I, 1942. 


Aneniie a type pernideux chez un enfant 
de 9 niois. 

I'.ir 

JENS DEDICHEN, 04.>. 


L’tuik’ur a'gielte lH-:mcouji <j»'uiu.' fuuk* (jui rikinu* do 
tout !e lahlouu cliniquc s’csl '^lissce dans K* juaiuisoripl :ui ooiirs tlf\ 
correctious dos <5\)vcuvos do sou ailiolo <laus lo faso. 1 du vo!. CXk A 
la pa!<c 91, a raliuoa i)Exuinou do lalKiralouo^ la Walt ost inarquoo 
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pii etro cQiislalc a oliaquo iiouvol oxamoii. 1,’autour ospcro quo lo fail 
qu'il n’y a auciiao discussion do oollo roaoliuu posilivo.aura doja fail 
soup^onnerasescollCt'uos qu'il a’a^il d'uuo fauU' d'iiuj>i\--ssii)u (uii -p 
ccrit a la machiiio iuU-oprCte comim: uii j)lus),ol prksoiito toutos^^■s 
oxeiisos pour sou mauquo d’aHoidioiu 
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(From Forsvarsvasendets kemiska anstalt, Research department Head 
prof. G. Ljunggren, Ulriksdal, Sweden). 


Note on the determination of carbon monoxide 

in blood. 

By 

BO NORBERG, 

(Submitted for publication May 18, 1942). 


For clinical and other objects a specific, rapid and sensitive 
method for the determination of carbon monoxide in blood is often 
needed. The method for detection of carbon monoxide newly de- 
scribed by Wolff (11) seemed promising for this purpose. A closer 
investigation, however, revealed certain limitations which will be 
shortly discussed below. 

The principle of Wolff’s method is to coagulate the oxyhemoglo- 
bin by means of heat under such conditions, that the carbon mon- 
oxide hemoglobin remains in solution and may be estimated after 
filtration. 

Before testing ■\^'’olff’s method, a suitable technic for the estimation of 
the carbon monoxide hemoglobin in the filtrate was sought for. In applica- 
tions of Wolff’s method, comparison photometry (3, 13) and absolute 
photometry (7) are used. The latter, being more accurate, was also adopt- 
ed for this purpose. The Zeiss step photometer was used. As the specific 
extinction coefficients for oxyhemoglobin and carbon monoxide hemoglo- 
bin for the filtra of the apparatus could not be found in the literature, the 
said values were determined on five samples of human blood, whose oxygen 
capacit 5 ’‘ was determined b}^ a standard method (9). Five to seven dilutions 
were made of each sample and cells giving extinction values of 0.5—1 were 
used in the photometry. The resulting mean values for the specific extinc- 
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tion coefficients, k, per mg/ml with the dispersion, a = 



3 

and 


quotients kHi,o»/^^HbCO> given in ^ble 1. 

For control purposes the k values were calculated from the values of 
Newcomer (6) corrected for the spectral sensitivity of the human eye (12), 
the spectral intensity of the lamp (5, the temperature of the tungsten fila- 
ment was assumed to be 3000° K), and the transmission of the filter (1) 


, , , _ + ^ 2 + 

according to k — log — 

J-i ^ __1L- 

io^ ^ lOk, * ' ' ■ 10*^ 


Here k is the sought extinction coefficient, Ij, In are the relative 

intensities 80, 85, 90, 93, 96, 98 and 100 transmitted by the filter, and 
Iq, ka . . . . kn the corrected specific extinction coefficients for the corres- 
ponding wave lengths. The two sets of values agree well, considerig the 
approximations in the calculated values. 


Table 1. 

Specific extinction coefficients per mg/ml of oxyhemoglobin and carbon mon- 
oxid hemoglobin for filters of the Zeiss step photometer. 


■HI 

Experimental values 

Calculated values 

Filter 

k'HbO, ± a 

kblbCO i a 

kHbOjj 

kHbCO 

h'HbOa 

kHbCO 

kHbOs 

hubCO 

S. 57 

0.700 ± 0.034 

0.705 ± 0.025 

0.99 


0.714 

0.97 

S. 53 

0.694 ± 0.031 

0.763 ± 0.033 

0.91 

0.608 


0.80 

S. 50 

0.419 ± 0.023 

0.455 ± 0.026 

0.92 

0.344 

0.394 

0.87 

S. 47 

0.565 ± 0.022 

0.530 ± 0.021 

1.07 

0.636 

0.536 

1.19 

S. 43 

2.06 ±0.10 

1.90 ±0.17 

1.09 

1.71 

1.28 

• 1.34 


To test Wolff’s method blood samples were analysed by this 
method and at the sa,me time by a standard gasometric method (8) 
and by the volumetric method of Wennesland (10). Blood samples 
were prepared from untreated blood and blood saturated with 
carbon monoxide (10 % by volume in air). 


Technics used: 

Estimation tvith Wolffs method: 0.2 ml of blood are hemo- 
iyzed in 0.8 ml of water and 4 ml of acetate buffer added. The 
buffer solution is prepared from 3 volumes of three times normal 
sodium acetate (408 g NaAc. 3 H^O + water to make 1 liter) and 
1 volume of five times normal acetic acid. The pH should be 
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5.0~5.1. We checked it with the glass electrode. Of the blood- 
buffer mixture 0.5ml are diluted with 3.5 ml of water and the ex- 
tinction, measured with filter S. 57 and a 1 cm cell (total 
hemoglobin). Tlie remainder of the blood-buffer solution is put in a 
water thermostat at 50.0° C for exactly five minutes and then cooled 
in water and filtered. Photometry on the filtrate in a 0.5 cm cell 
wth the same filler CO hemoglobin) or S. 43, as one 

wishes. Calculation according to the absorption law (Lambert- 
Bccr) gives Ejji, . 38 = oxygen capacity in % by volume, and 
Ehijco • 9-5 ~ % by volume of CO (for filler S. 43: Eh,,co • 3-4). 

Wenncslands melhod: the original technic was followed but for 
the brominaiion. To the sample is added 5 ml of a strong acetate 
buffer (35 g NaAc 3 HoO + 100 g glacial acetic acid -}- 100 ml 
water, sec Hurka, 2) are added. Without this buffer the results 
were often poor. Bromine vapours arc blown through this solution, 
and the excess bromine boiled awa}'. The use of phenol or formic 
acid to eliminate the excess of bromine does not give so good results 
as boiling. After addition of 5 ml of two times normal H 0 SO. 1 , the 
final titration is done as described by Wennc.sland. 


Resulis and discussion. 

Some 25 samples were analy.sed with all three methods. The 
melhod of Wcnnesland agreed very well in most case with the 
standard melhod, whereas the values according to Wolff were 
always low. The mean rccover}’^ in the Wolff values was 82.5 % 
of the carbon monoxide hemoglobin with a practical margin of 
error of ± 29 %. IMorcovor, incomplete coagulation of the oxy- 
hemoglobin was demonstrated in special experiments (in contrast 
to Paul and Wretlind, 1. c.). This blank value corresponded on an 
average to 0.47 % CO by volume. Values of about 0.5 % CO by 
volume must therefore be checked by addition of sodium hj'po- 
sulfitc. Disappearance of the absorption bands in the green and 
yellow (or approximately tw'ofold increase of the extinction in S. 43) 
indicates the absence of carbon monoxide in the filtrate. Ihe varia- 
tions in the blank values also make systematical correction for the 
blank useless. On the contrary, the carbon monoxide values must 
be multiplied by 100/82.5 to correct for the loss of carbon mon- 
oxide hemoglobin during the coagulation. In table 2 one series of 
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experinients is demonstrated together with the corrected Wolff 
values. The results are given as absolute values, which seems to be 
more reasonable than relative values, as has also been pointed out 
by Kallner (4). 


Table 2. 

Carbon monoxide estimations in blood by different methods. All values 
in % GO by volume. 


Sample 

Gasonietric 

Titrimctric 

Photometric method 
(Wolff), corrected values 

1 



Filter S. 57 j 

1 

Filter S. 43 

1 

11.18 

11.12 

10.7 

10.3 

2 

8.9 

9.0 

8.6 

8.9 

3 

6.74 

6.90 

6.3 

6.8 

4 

4.43 

4.70 

4.16 

4.48 

5 

2.30 

2.50 

2.52 

2.58 


Sample 


Photometric method (uncorrected values). 



Filter S. 57 

S. 50 

S. 47 

S. 53 

S.43 

8.8 

1 

8.56 ' 

8.8 

8,45 

8.46 

7.1 

7.2 

6.9 

7.15 

1 7.35 

5.2 

5.2 

5.46 

5.50 

5.60 

3,42 

3.56 

3.8 

3.70 

3.69 

2.07 

2.16 

2.36 

2.35 

2.13 


Every value is the mean of duplicate or triplicate analyses. 


Summary. 

The method for detection of carbon monoxide in blood of E. 
Wolff may also be used for the quantitative analysis of CO (3, 7, 13). 
The large error through varying coagulation of both oxyhemoglo- 
bin and carbon monoxide hemoglobin restricts its usefulness to cases 
where rapidity is of more value than precision. 

mere precision is needed, the method of Wennesland is recom- 
mended. 
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Aus der Medizinischen IGinik zu Lund, Schweden. (Ghefarzt; Professor 

Dr. Sven Ing\^ar.) 


Coarctatio aortae. 

Von 

Dozent Dr. ERIK ASK-UPMARK. 

(Bei der Redaktion am 2. Marz 1942 eingegangen.) 


Unter Coarctatio aortae versteht man eine gewohnlich hoch- 
gfadige Verengung der Lichtung des Aortenbogens, in der Regel 
uiiterhalb der Abzweigung der Art. subclavia sin., nahe der Inser- 
tion des Ligament. Botalli. Der Zustand, den man aucli als Isthmus- 
stenose bezeicbnet hat, ist von grossem anatomiscliem, physiologi- 
schem und klinischem Interesse. Anatomisch steht die Frage nacli 
dem formalgenetisclien Entstehungsmechanismus seit langem 
im Vordergrunde. Physiologisch sind die bei der Coarctatio aortae 
vorliegenden, eigentiimlichen Blutdruckverhaltnisse von ganz 
besonderem Interesse, Kliniscli hat der Zustand, obwohl an sich 
selten, eine gewisse Bedeutung erlangt einmal als eine differential- 
diagnostisch und prognostisch eigentiimliche Gruppe unter den 
juvenilen Hypertonien, zum andern auch wegen seines nicht 
zum wenigsten in der forensischen Medizin beachteten Zusammen- 
hanges mit plQtzlichem Tode jiingerer, anscheinend gesunder 
Personen. Nachstehend gebe ich eine kurzgefasste Beschreibung 
dreier an der Lunder Medizinischen Khnik beobachteten Falle 
von Coarctatio aortae und anschliessend eine kurze Analyse des 
Zustandes, 
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Material. 

Fall 1. Mann, 32 Jahre, Gartner. Med. IGin. 1506/1941. 

Klinikaufnahme 23. 6. In der IClinik am 4. 9. gestorben. 

Krankengeschichte: Die Eltern und zwei Bruder leben und sind ge- 
Eund. Seit 5 Jabren verheiratet, Frau und ein Kind gesund. Regelmassige 
Mahlzeiten, viel Milch und Gemiise. Arbeitet als Gartner. Militarische 
Dienslzeit als Ersatzreserve wahrend CO Tagen abgeleistet, doch ’svurde 
er soeben als kriegsverwendungsfahig eingemustert. Als Kind Morbilli, 
Scarlatina, sonst gesund; kein rheumatiscbes Fieber. — Der Mann er- 
lo-ankte am 12. 6. 1941 mit Scbiittelfroslen und Fieber. Die Temperatur 
hielt sicb urn 38°, doch hatte der Kranke sonst keine subjektiven Be- 
sclnverden, namentlich keine Gelenkschmerzen. Am 23. 6. kam er in die 
IClinik. 

Status und Idinischer Verlauf; Bei der Aufnahme in die Klinik war 
der Allgemeinzustand gut, Temperatur 37.5° G, Puls 84, Senkungsreak- 
tion 22/51 nach 1 bzw. 2 Stunden, Blutdruck 210/90 (am linken Arm ge- 
messen). Die Nagel der rechlen Hand waren normal, die der linken leicht 
uhrglasfdrmig, namentlich am Daumen, der auch trommelschlegelfdrmig 
ivar. Ausgesprochene Pulsationen der Halsgefasse, sonst umrde leider nicht 
nach oberllachlichen Pulsationen gesucht. Kapillarpuls sichtbar (an der 
linken Hand). Kein Femoraliston. Augenlundi o. B. Die physikalische 
Untersuchung der Mundhdhie, Lungen, Bauchorgane und Reflexe erhob 
normale Befunde. Herz: Keine Pulsationen, kein Fremissement, kein 
palpabler Iktus. Rechle Grenze nicht seitlich des Sternalrandes, linke 
Grenze gleich medial von der JIamillarlinie. Im linken I 3 — I 2 ein starkes 
systolisches Gerausch, syslolische Unreinheit an der Spitze und ein schwa- 
cheres, systolisch pfeiffendes Gerausch im rechten I 2, wo auch ein diasto- 
lisches Gerausch zu hdren ist. - — In der Klinik die ganze Zeit Fieber, im 
allgemeinen zwischen 38° C und 39° C. !Mit der Zeit verschlimmerte sich 
der Allgemeinzustand zunehmend. Der Blutdruck schwankte ein wenig, 
war aber immer hoch (185/75, 175/75, 200/65), wenn er am linken Arm 
gemessen wurde; dagegen wai- der Blutdruck bei Messungen am rechten 
Arm deutlich gesenkt (festgestellte Werte: 85/70, 70/55, 90/70). Wieder- 
holte Nachforschungen nach Hautembolien unter der Fussohlenaushoh- 
lung ad modum Ask-Upmark (1938) blieben ergebnislos. Trotz verschie- 
dener Therapieformen (Immunotransfusionen, Heparin-Prontosil usw.) 
verschlimmerte sich der Zustand dauernd und Exitus trat am 4. 9. ein. 

Laboratoriumsbefunde: Die Ronlgenuntersuchung des Thorax (unter 
Leitung von Dozent Dr. Hellmer) am 26. 6. zeigte eine verstarkte Rundung 
der arteriellen Herzkammer, eine verlangerte und starker gewamdene 
Aorta thoracica, kleine, regelmassige, etwas beschleunigte Pulsationen; 
bei der Diaskopiekontrolle am 16. 7. war das Herz vergrossert, die Spitzen- 
partie stark gerundet, Verbreiterung nach rechts und starke Ausbuchtung 
nach riickwarts; am 22. 8. hatte sich das Herz wahrscheinlich weiterhin 
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1, Fall 1. Radiogram. Linlvsseiligc Hj^pcrlrophie. Rippcnusiircn nur links, 
Bild iimgckchrl rcproduzicrl. 


jrossert, die linke Herzgrenze befand sich kaum 2 Fingerbveit von der 
;raien Thoraxwand und die Aorla wolble sich links er])eblich vor mil 
’ken Pulsationen. Wiederholle Eleklrokardiogramnie (24. 6., 17. 7., 
8) zeigten Linkstypus, negative Tm und schliesslich auf 0.24 ver- 
gerte Oberleitungszeit. 

Blutmorphologische Befunde bei der Aufnahine: Hb 93%, role Bhit- 
■perchen 4. 50 Millionen, weisse 6,900; Differenlialzalilung: Neulrophilc 
%, Eosinophile 1 %, Lymphocylen 19 %, Monocylen 3 %; das Blut- 
d verblieb in der Klinik relativ stationar (es isl zu bomerkcn, dass dor 
tient hier 11 Immunolransfusionen zu je 200 — 350 cm’ erhielt). Die 
srte der Senkungsreaklion sch-\vankten: bei der Klinikaufnahme 22/51 
iVochen spater 30/CG, in den lelzten G Woclien aber sanken sie ab auf 
121, 8/18 und 5/11. Bei 4 Blulzuchtungen ergab sich positives Wachs- 
m von Streptococcus viridans. Im Harn kein Zucker, Eiweiss oder 
’obilinogen; das Sediment war bei wiederhollen Bestimmungen in der 
3gel 0 . B., einmal vmrden vereinzelte role Blutkorperclien gcfunden. 
arnmengen zwischen 800 und 1,600 cm’, in der Regel etwa 1,000 cm’. 

Autopsie am 5. 9. (Dozent Dr. Alilslrom): Der Herzbeulel enthiolt 
)0 cm’ klare Fliissigkeit. Das Herz (Gewicht 750 g) zeigt eine starke 
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Hyperlrophie der linkcn Kaminer (Wanddickc 2.5 cm, hypertropliische 
Papillarmuskeln). In dcr rechten Herzhaifte normale Klappen, keine 
Tliromben odor Embolien; das Foramen ovale isl fiir eine einige mm starke 
Sonde durcligangig; kein Septumdefekt. Mitralklappen o. B., abgesehen 
von einem zwelpfenniggrossen Gebiet basal an der vorderen Milralklappe, 
wo sich eine verrukose Veranderung mil beginnendem zentralen Zerfall 
findet; dieser zerfallcnde Sleile entsprechend ist das Endokard im linken 
Vorhof an einer pfenniggrossen Sleile elwas uneben mil mailer Flache. 
Keine Thromben im linken Vorhof. Die Aorla hat nur zwei Semilunar- 
klappen; der Einschlagrand der vorderen Klappe ist ein wenig Avnlstig, 
iind basal sieht man eine beginnende Lipoidablagenmg, der Einschlagrand 
der hinteren Klappe ist an seinem linken Umfang ^vulslig, am rechten 
TJmfang diinn nnd glatt, doch findet sich hier basal eine fibrose Verdickung; 
in der Mitte zeigt diese hintere Semilunarklappe ein erbsengrosses Aneu- 
rysma, das in die Kammer vorbuchlct nnd in seiner ganzen Ansdehnung 
perforiert ist. In den Kranzarterien keine Ostiumstenose oder Thrombosen, 
doch langgestreckte Lipoideinlagerungen in der Wandung, besonders im 
linken absteigenden Ast. Keine Zeichen von Infarkten oder Narben an 
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der Hermuskulatur. Die Aorta ascendens geht in normaler Weise von 
der linken Kammer ab and bat einen Umfang von 7—8 cm. Die Art ano- 
nyma fehlt als solche, und als er'ster Zwejg gebt vom Aortenbogen die 
Art. carotis communis dxt. mit einem Umfang von 35 mm ab. Etwa 
1 cm links davon gebt die Art. carotis communis sin. mit emem Gefass- 
umfang von 30 mm ab. Zwiscben der Abzweigung dieser Arterie und der 
Art subclavia sin. weist die Aorta an der Konvexitat ein querlaufendes, 
massig ausbucbtendes Aneurysma mit diinner Wandung auf . Gleicb unter- 



balb der Abzweigung der Art. subclavia sin. verjiingt sick die Aorta recbt 
plotzlich mit einer Verengung an der Stelle des Ansatzes des (vollig oblite- 
rierten) Dig. Botalli; die Aorta bat bier einen iiusseren Durcbmessor von 
8 mm, wahrend die innere Lichtung nur fiir eine 2 mm starke Sonde durcb- 
lassig ist. Gleicb kaudalwarts von dieser Verengung erweitert sicb die 
Aorta descendens und gibt die Art. subclavia dxt. ab, die bier einen GB' 
fassumfang von 30 mm bat und dann liinter und recbts vom Oesophagus 
auf ibrem Wege zum recbten Arm verlauft. Die Aorta ascendens zeigt 
eine beginnende Lipoideinlagerung in der Wandung, die gleicb oberbalb 
der Verengung besonders markant ist und die auch in der linken Subclavia 
sowie in beiden Karotiden festgestellt wird, besonders ausgepragt an der 
Carotisbifurkation, wahrend unterbalb der Aortenverengung nur eine 
geringfugige Lipoideinlagerung und in der recbten Subclavia iiberbaupt 
keine solche festzustellen ist. Die linke Art. mammaria int. ist stark er- 
weitert (Umfang 20 mm gegeniiber 8 mm recbts), und ebenso sind die 
linken Interkostalarterien im Vergleicb zu den recbten erbeblicb dilatiert. 
Die Karotiden werden in ihrer ganzen Lange freigelegt; bis binauf zur. 
Schadelbasis sind ibre Licbtungen deutlicb erweitert, dann baben sie 
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normales Kaliber. An den basalen Hirngefassen sind keine Aneurysmala 
lestzustellen; dock findet sich eine Anastomose zwischen der Art. basilaris 
und der linken Art. carotis interna. Im Gehirn sieht man links in den basa- 
ien Ganglien Ideinere erweicbte Partien, die von einer mit roten Zone vm- 
geben sind. — Im iibrigen sind Brust- nnd Baucborganen im wesentlichen 
normal, dock findet sick fibrinnntermisckte triibe Fliissigkeit sowohl in 
den Pleurakdhlen als der Peritonealkavitat, ferner ist die Milz vergrossert 
(400 g), von schlaffer Konsistenz und mit sckmieriger Scknittflache, 
schliesslick zeigt die eine ISIiere einen pfenniggrossen, weissen Infarkt. 
Keine Thromben in den Beckenvenen Oder in den Femoralisvenen gleicli 
unterhalb des Lig. inguinale; dock war der reckte Unterschenkel ge- 
schwollen, so dass die Knockelumrisse verschwommen waren. 

Zusammenfassung: Ein bi.sher im wesentlichen gesunder 32- 
jahriger Mann erkrankt an Endocarditis lenta, zeigt eine eigen- 
tiimliche Diskrepanz zAvischen dem Blutdruck im rechten Arm, 
der niedrig ist, und dem im linken Arm gemessenen, der hock ist, 
und stirbt nach 3 Monaten. Bei der Sektion findet man, dass sick 
die Viridansendocarditis auf dem Boden eines Missbildungskom- 
plexes entwickelt hat, der sich im Avesentlicken kennzeicknet durch 
Coarctatio aortae, ZAA^ei Aortenklappen statt drei, Abgang der 
rechten Art. subclavia von der Aorta unterhalb des stenosierten ' 
Teiles. Oberhalb des Hindernisses Atheromatose, teihveise hoch- 
gradig, unterhalb des Hindernisses keine. 

Fall 2, Mann, 18 Jahre, Bauernsokn. Med. Klin. 2628/1941. 

Am 13. 11. in die Klinik aufgenommen, wo er am 21, 11. slarb. 

Krankengeschichte: ’\^ater 53 Jahre, gesund; Mutter 43 Jahre, gesvmd. 
Der junge Mann ist das vierte von 6 Kindern. Ein Bruder stark mit 3 
Tagen an sLungenentzundungi), ein zweiter mit % Jahr ebenfalls an t>Lim- 
genentziindungi). Die iibrigen GesckAvister sind gesund, dock soli eine 
Schwester im Sommer 1940 Erythema nodosum gehabt haben. Als Kind 
Morbilli und Parotitis, sonst gesund, kein rheumatisckes Fieber. Laut 
Angabe des Vaters konnte man an dem Patienten bereits als Kind starke 
Pulsationen in der Herzgegend beobachten, zum Unterschied von den 
iibrigen Geschwistern. Guter Schuler, jetzt in der Landwirtschaft des 
Vaters tatig. — Im Februar 1939 Trauma gegen die linke Hiifte mit Epi- 
physenablosung, Aveshalb er 10 Wochen in einem anderen Krankenhause 
zubringen musste. Wahrend des damaligen Krankenhausaufenthaltes Avar 
der Puls zwischen 80 und 100 bei durchaus normaler Temperatur, der 
Blutdruck Avar 220/95, 220/85, 230/85, zudem stellte man eine starlm 
Linksvergrosserung des Herzens fest, mitkebendem, breitemlktusjsystoli- 
schem und diastolischem Gerausch liber der Aorta, Kapillarpuls und 
Palmarknips; man nahm eine Aorteninsuffizienz an. Der Patient hatte 
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Fig. 4. Fall 2. Radiogram, am 7/3 1941 aulgcnommcn (Bild umgckchrl 
reproduziert). Die He^zgo^Yicllt bci dcr Autopsic cRva 8 iMonale s])atcr ^var 
nicht weriiger als 1,400 Gram! 


keine Herzbeschwerden, er konnte Ireppensteigen und mil dem Rade 
Starke Steigungen nehmen, oline sehr ausser Alem zu kommen. 

Im September 1940 setzten katarrbale Beschwerden seitens der 
Luftwege ein (djckfliissiger, gelber Auswurf usw.), zudem plagte ihn eine 
zunehmende Miidigkeit und Mattigkeit, und bei Anslrcngungen kam or 
leiclit ausser Atem. Er konnte jetzt nur leiclile Arbciten vorricblen und 
musste jetzt auch einmal jede Nacbl Wasser lassen, \vas er friiber nicbt 
gebraucM hatte. Ende Oktober 1940 tralen naclitlicbe Anfiille von Ateni- 
not hinzu, so dass er aufrecht im Bell sitzen musste, obne Scblaf finden zu 
konnen. Am 10. 1. 1941 kam er ins Krankenbaus und blieb bier G Wocben. 
Bei der Aufnabme bot er das Bild eines Sclnvorkranken, mit Blasse, kal- 
tem Scbweiss, starker Dyspnoe, Puls 130, Temperatur 38.9°, Blutdruck 
160/50. Herz: starke Voussure, recbte Grenze 2 — 3 Fingerbreil lateral 
vom Sternalrand, linke Grenze in der vorderen Axillarlinie, einsctzende 
Spitzentone, akzentuierter zweiter Aortenlon. Die Ronigenaufnabmen 
am 10. 2. und 7. 3. zeiglen eine Transversalbreite des Herzens von 19. 5 cm, 
davon 11 cm links von der Mittellinie bei einer Tboraxbreile von 30 cm; 
von 30 cm; ferner mirden gewisse Veranderungen in den Lungenfeldei’n 
festgestellt, die bei der zweiten Untersucbung wesentlicb zuriickgegangen 
waren. Das Ekg. am 2G. 2. zeigte einen Sinusrbytbmus von 135 und 
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Fig. 5. Fall 2. Elcktrokardiogram 9 Monale vor dcm Todc. P und PQ nor- 
mal, sonst bedcutende Vcrandcrungcn des Ventrikelkomplexes. 

dipliasische, verbreiterte Kammerkomplexe wie beim Scbenkelblock. Der 
Patient wrde am 18. 3. ohne Dekompensationserscheinungen mit Digitalis 
entlassen. Er schonte sich dann zu Haase und fiihlte sich ivohl, bis Ende 
August starkere Kurzatmigkeit und Miidigkeit -sviederkelirten, ebenso die 
n'acbllicben Anfalle von Dyspnoe. Die lelzlen 3 Tage vor der erneulen 
IGinilcaufnahme waren die Seine angesclnvollen. Am Tage der Aufnalime 
ein Anfall von Sdnvindel, wobei es ibm schwarz vor den Augen wurde. 

Stains und klinischer Verlauj: Bei der Aufnahme am 13. 11. und ebenso 
wabrend des Verlaufs bietet der Patient das Bild eines Scbwertoanken 
mit starker Dyspnoe in Rube, starker Z 3 mnose der Lippen und Wangen, 
Odeme an beiden Unterscbenkeln. Keine Trommelscblageltinger Oder 
Ulirglasnagel. Tertiperatur 37. S'", Puls 115, Senkungsreaktion /9/110 m 
1 bzw. 10 Stunden, Blutdruck 220/75. Der Blutdruck war am 17. 11. 
linker Arm 205/70, rechter Arm 190/70, linkes Bein 115/70, recbtes Bern 
110/85; die entsprechenden Werte am 19. 11. : 205/65, 210/70, 110/70, 
110/75. Medial von der rechten Skapula palpiert man subkutan eine pu - 
sierende Arterie von Gansefedenveite. Herz: gewaltsame Pulsationen m 
einem bombierenden Praecordium. Breiter, bebender Iktus. Linke Herz- 
grenze nahe der Axillarlinie, rechte Grenze mebr als 2 Fingerbreite la er 
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Fig. 6, Fall 2. Elektrokardiograni wenigc Tagc vor dcm Tode. Man soli 
sicli die scheinbare Alinliclikcil mil dcin sog. WPW-syndrom bemcrkcn. 

vom Slernalrande. Syslolisches Geransch, basal am slarkslen. Kein 
Femoraliston. Im ubrigen erlaubie der Zusland des Palienlen koine cin- 
geliendere Untersuchung; gleiclnvobl -wurdo Lnngenrassein fostgcslolll, 
die Leber reicbte bis in Nabelhdlie imd die Reflexe ^varen normal. Der 
Venendruck ^^alrde am 20. 11. mil 16.5 cm H 2 O gemessen. Der Kranke 
war wenigslens anfangs bei vollem Bewusslsein, dock fiel ihm wegen dor 
starken Dyspnoe das Spreclien sclnver. Er wiirde mil Sirophanlin intra- 
venos sowie mit Saiierstoff und SedatiA'a behandelt, dock A'orscklimmorlo 
sick der Zustand imaufkallsam und am 21. 11. Irat der Tod ein. 

Lahoratoriumshejunde: Eine regelreckle Rontgenuntersuckung konnlc 
mit Riicksickt auf den elenden Zusland des Kranken nickl ausgefukrt 
Averden, dock zeigte eine kursiA'^e Durckleucklung ein sekr grosses, kraftig 
pulsierendes Herz. Das Eleklrokardiogramm zeigle eine auf 0.11 abge- 
kiirzte Dberleitungszeit soAvie VerzAveigungsblock Amm Recktstypus, also 
aknlick Avie bei dem sog. WPW-Syndrom. Blul: bei der Aufnakmo Hb 
75 %, rote Blutkdrpercken 4.4 Millionen, Aveissc 22,800, Differcntialzak- 
lung: Neutrophile 86 %, Monocyten 8 %, Lympkocylen 0 %. Die Harn- 
mengen Aveckselten zAviscken 600 und 1,000 cm^, das spezifiscko GoAvickt 
ZAvischen 1,020 und 1,026; Albuminurie elwa 1 
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Autopsje 22. 11 . (Ahlstrom). Bombierung der Herzgegend. Odeme 
an beiden Unterschenkeln. Stark erweiterte Art. mammar. int. Die reckte 
Lunge ist der Sitz einer ausgedehnten, teilweise gelatines pneumonischen 
teilweise kavernosen Tuberkulose mit FJiissigkeit in der rechten Pleura' 
Thyreoidea makroskopiscli normal. Bauchorgane o. B., also keine Leber- 
oder Milzvergrdsserung; Nieren und Nierenarterien waren makroskopisch 
normal, ebenso die Abzweigung der letzteren von der Aorta. Keine Throm- 
ben in den Becken- Oder Fenioralisvenen. Hirnsubstanz intakt, keine 
Blutungen in den basalen Ganglien oder im Hirnstamm (aucli nicht in der 
Oblongata). Hirngefasse vnverandert, ohne Zeichen von Arteriosklerose, 
Aneurysmata Oder anderen Gefassmissbildungen. Im Herzbeutel eine 
etwas vermehrte Menge klarer FJiissigkeit; keine Zeichen einer Tbe-Peri- 
karditis. Das Herz zeigt eine ausserst starke Linksvergrosserung und eine 
massigere Rechtsvergrosserung, Gewiebt ],400 g. Keine Pulmonalis- 
stenos. Die durclnveg ein wenig verdickten IClappen zeigen keineriei 
Spuren einer alteren oder frischen Endokarditis, auch keineriei Andeu- 
tungen von Jlissbildungen (so bat die Aorta drei Klappen). Die linke 
Kammerwandung ist 22 mm dick, die reebte 7 mm. Das Septum ventri- 
culorum buebtet stark in die reebte Kammerlichtung binein. In der lin- 
ken Kammer ein starkes TrabekeJgefleclit und dicke Papillarmuskeln. 
Vom Aortenbogen geben die grossen Gefasse in normaler Weise ab. Die 
Aorta zeigt bier keine ai-teriosklerotiscben Veranderungen; man sieht nur 
einige Icleinere, streifenfdrmige, gelbweisse Einlagerungen. Kein Aorten- 
aneurysma. Die Aorta ascendens bat einen inneren Durcbmesser von 6 cm, 
die Aorta descendens einen solcben von 5.5 cm. Die Art. carotis communis 
et int. werden bis an die Scbadelbasis Ireigelegt; keine Aneurysmata. Zwei 
Zentimeter distal von der Abzweigung der Art subclav. sin., die niebt 
abgescbniirt ist, verengert sich die Aorta descendens recht plotzlicb und 
ist nur fiir eine Sonde von 3 mm Durcbmesser durcblassig. An dieser 
Einsebniirung inseriert das Lig. arter. Botalli, das kein Lumen bat. Die 
mikroskopische Untersuchung von Gewebe (Muskulatur) aus sowobl ober- 
halb als unterhalb des Hindernisses geiegenen Stellen des Kdrpers erbob 
vollig normale hislologiscbe Befunde an grdberen wie feineren Gefassen, 
gleichermassen in Armen und Beinen. 

Zusammenjassung: 18-jahriger Mann, friiher im Avesentlichen 
gesund, seit 1 Jahr im Anschluss an die Entwicklung einer Lungen- 
tuberkulose Herzbeschwerden vom Tyims der Herzdekompensation. 
Hoher Blutdruck an den Armen, niedriger Blutdruck an den Bei- 
nen, interskapular palpable Hautarterien, selir starke H 3 'perlrophie 
des Herzens, gewisse Ekg-Veranderungen. Sektion; Gewiebt des 
Herzens 1,400 g, ausgesprochene Coarctatio aortae, Erweiterung 
der Artt. mammar. int., rechtsseitige Lungentuberkulose. 
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v 11 t Mann 69 Jahre, Arbeiter. Med. Klin. 781/1942. 

f ‘aapVTpqens des Korrekturs in die Klinik aufgenommen, 
Wahrend de xnebreren Jahren Herzbcschwerden, 

:r3 C H— - -d bhuser Aus,™rr. Blu.drucl. 220/no, 
r . 1 Atmms, sohr Edilecblcs Zusland, Exitas, Aulops.c: 

Sarctalio aortae mit vollstandiecr Stenosc von IslI.raus aorUc, hoJIa- 
toarv“oigang dorc). Aa.n,am.inl., ausgesprochcncr .nksEcl.ger Hera- 
lijperlropl*, Slenose und Insutticiona ^or AorlcnWappen massigci 
Arteriosklerose der grosscren Artencn obcrbalb des Hindernn. .. 


Geschichtliches. 


Den ersten uns bekannlcn Fall von Coarclatio aorfac bcsclircibl 
Morgagni 1760 in De sedibus el causis morborum. Er belraf cine 
Frau, bei der die Kliniker bcmerkcnswerlcrwcise den A’crdaclil 
geaussert batten, sie leide an ciner ))Gesch\vulst der Aorlat>. Am 
Hotel Dieu in Paris wurde dann im Jahre 1791 von dein danialigcn 
Prosektor Paris ein almlicher Befund erboben; bei der Seklion ciner 
50-jahrigen Frau mit unbekannlcr Krankbcitsgescliichlc fand er 
am absteigenden Ast des Aorlenbogcns cine Vcrcngcning von 
Gansefederweite; oberhalb dieser Stellc war die Aorta crwciterL, 
unterbalb von normalem Kaliber. Dieser Fall wird oft als der 
erste beobachtete Fall von Coarclatio gonannt, docli gcbiilirl die 
Prioritat dem grossen Alten in Padua. Der eigenartige anatoniisclic 
Charakter des Zustandes einerseits, der oft dramatischc Yerlaiif, 
niclit selten mit pldtzlichem, unerwarlelem Jbdc cines bis dabin 
als gesund angesebenen jungen Menseben andcrerseils diirflcn in 
der Folgezeit die Ycroffenllicbung ciner belracbtliclien Anzabl 


dieser Falle veranlasst baben. So.konnlc Wadslcin im Jahre lau/ 
103 anatomiscb gesicherte Falle, darunler einen aus der Lunder 
Med. KUnik (damaliger Clicfarzt Ribbing), zusammcnslellen. 
Abbott veroffentlicbte im Jabre 1928 cine oft zitierle Gbersiebt 
iiber 200 bis dabin beobachtete Falle, Benkwilz und Hunter 
ten im Jahre 1937 dieser Ubcrsicht noeh 75 spatcr beohaelilete 
Falle liinzu, und auch in den allcrlelzlcn Jalircn sind von vcrscliie- 
dener Seite einschlagige Befundc vcroffentliclil ivordcn- so ver- 
zeichnet der Index Medicus sell Benkwitr. und Hunters Zusainmcn- 

dif CoM'? ''■ Sclnvcden sind 

arctatio aortae und daniil zusaramenlliingcndc Fracrcstel- 

l^ngen von folgenden Autoren aligchandelt wdcni KmC 
2 Acta med. scandinav. Vol. CXlI. ^ 
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( 1859 ), V. Hofsten (1886), Wadstein (1897), Edgren (1897), Josefs- 
son (1903), Roster und Forselius (1915), Ask;Upmark (1935), 
Wolke (1937),- in Danemark von Bartels (1912), Jacobsen (1935)’ 
Eskelund (1936), Sondergaard (1936), Nielsen (1940); in Finland 
von Wasastjerna (1903) und Klemola (1939); in Norwegen von 
Hansleen (1915) und Lutzow-Holm (1925). Der erste in vivo 
diagnostizierte Fall wird Oppolzer (1848) zugeschrieben; schon 
vorher hatte indessen Legrand (1835) in einem Falle von Coarctatio 
das Vorbandensein eines Hindernisses an der Aorta thoracica ver- 
mutet. Nacb Abbot war bis zum Jahre 1928 die anatomiscb be- 
statigte Diagnose Coarctatio aortae in 21 Fallen zu Lebzeiten der 
Patienten gestellt worden, eine Anzahl, die sich inzwiscben nicht 
unwesentlich erhoht haben diirfte, seitdem das eigenartige klinische 
und rdntgenologische Zustandsbild dieser Krankheit bekannlcr 
geworden ist. 


Vorkommen. 

Die Coarctatio aortae ist ein seltener Zustand. Wie Abbott 
angibt, wurde der Befund unter 5,000 Autopsien am Mass. 
General Hospital in 2 Fallen erhoben. Blaclcford verzeichnete in 
einer Zusammenstellung des Sektionsgutes von 6 Autoren unter 
insgesamt 68,300 Autopsien 44 Falle, Andreesen aus Hamburger 
Krankenhausern in den Jahren 1901 — 1927 unter 17,000 Autopsien 
4 Falle (bei Ervvachsenen). Aus Lund ist bisher ein Fall beschrieben 
(von Wadstein, 1897); spaterhin scheint kein Fall festgestellt 
worden zu sein (ausser den beiden jetzt bier beschriebenen), und 
dies bei einer jahrlichen Anzabl von Obduktionen, die im letzten 
Jabrzehnt eher liber als unter 500 Autopsien betragen hat. An der 
Lunder Medizinischen Klinik ist man seit fast zehn Jabren auf 
die Mogbchkeit der Coarctatio aortae eingestellt; trotz einer jalir- 
licben Patientenzabl von liber 3,000 hat die Diagnose erst jetzt 
bei uns bestatigt werden kbnnen. Der Zustand muss also sellen 
sein; andererseits iiberrascbt es, dass so zablreiche Autoren mebr 
als einen Fall beschrieben haben; so hat King (1937) 12 Falle, 
Benkwitz und Hunter (1937) geben an, ausser dem von ihnen 
verbffentlichten noch etliche weitere Falle gesehen zu haben, 
Stewart und Bailey (1941) beschreiben 14 Falle usw. Um diese 
Falle nicht zu ubersehen, wird man sicherlich bei Juveniler Hyper- 



COARCTATIO AORTAE. 


19 


tonie auch die Mdgliclikeit eiaer Coarctatio aortae ins Auge fassen 
und die Idinische, rontgenologische und anatomische Analyse dar- 
auf abstellen mussen. 

Coarctatio aortae ist bei Mannern 3mal so haufig wie bei Frauen 
(Abbott). Menschen mit diesem Zustand ^s'erden in der Regel 
nicbt sehr alt — etwa die Halite, aller soli zwisclien dem 20. und 
40. Lebensjahr sterben, mindestens 25% sterben vor dem 20. 
Lebensjahr, und nur 10 % sollen 50 Jabre und alter werden. Diese 
hohe Sterbliclikeit diirfte wenigstens zu einem Teil durcli eine reclit- 
zeitig gestellte Diagnose und dementsprecliende Lebensweise 
gesenlct werden kbnnen, was urn so erstrebenswerter ist, als im 
einsclilagigen Scbrifttum wiederholt hervorgehoben wird, dass es 
sich bei diesen Fallen oft urn Plusvarianten in Hinsicht auf mentale 
und muskulare Leistungen handelt. Dass der Zustand an sich 
keineswegs mit hohem Alter unvereinbar ist, stebt ausser Frage. 
Reynaud beschrieb 1829 einen 92-jahrigen Schuhmacher mit 
Coarctatio als Nebenbefund bei der Sektion; wiederholt sind 
Falle beschrieben worden, wo Personen mit Coarctatio aortae die 
Strapazen von Feldziigen und Revolutionen uberstanden, ja, gar 
als Kampfflieger gedient haben (im vorigen Weltkrieg,Hart: 1920); 
unter den weiblichen Fallen finden sich verschiedene Multipara 
[Langmeads Fall 14 Kinder (1912), Weber und Price 11 Kinder 
(1912), Fawcett 9 Kinder, bei der Geburt des letzten gestorben 
(1905), Deckner 9 Kinder (1929), Haberer 7 Kinder (1923) usw.]. 


Pathologische Anatomie. 

Man unterscheidet im Scbrifttum zwischen zwei verschiedenen 
Formen von Coarctatio aortae; dem infantilen Typus, der sich 
kennzeichnet durch eine allgemeinere Verengung der Aorta zwi- 
sclien der Abzweigung der Art. subclavia sin. und der Insertion 
des Lig. Botalli (sog. Isthmus aortae), und dem vornehmlich bei 
grdsseren Kindern und bei Erwachsenen begegnenden Typus- 
gekennzeichnet durch eine abruptere Verengung der Aortenlich- 
tung, als ware eine Schlinge urn das Gefass gelegt und zugezogen 
worden; diese diaphragmaahnliche Verengung, die in der Regel 
hochgradig ist und nicht selten eine vollige Atresie der Lichtung . 
bewkt, liegt (meistens) an oder (bisweilen) gleich unterhalb der 
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Insertion des Lig. Botalli, zuweilen aber auch oberlialb dieses 
Punktes (in vereinzelten Fallen sogar oberhalb der Abz’weigung 
der Art. subclavia sin.). Es gibt Falle, avo bei einem und dem- 
selben Individum sowohl der infantile als der »erwachsene)> Typus 
vorgefunden werden, und es diirfte iiberhaupt zweifelhaft sein, 
ob man das Recht hat, scharf zwischen.diesen beiden Formen zu 
unterscheiden, trotz ihres makroskopisch unterschiedlichen Aus- 
sehens: der »envachsenei> Typus begegnet man auch bei Kindern, und 
Avenn der infantile Typus seltener bei Erwachsenen festgestellt 
Worden ist, so diirfte dies daran liegen, dass er so oft mit anderen 
groberen Anomalien (Septumdefekten, Pulmonalisatresie usw.) 
kombiniert ist, die schon friihzeitig den Tod herbeifiihren. Mit 
dieser Einschrankung ist in der vorliegenden Arbeit in der Regel 
die Coarctatio von dem bei alteren (Abbott setzt die Grenze mit 
2 Jahren an) Menschen gewohniich begegnenden Typus gemeint. 
Auch dieser TjTus ist sehr haufig mit anderen Anomalien ver- 
bunden, von denen namentlich drei von Interesse zu sein scheinen. 

1. Zwei Aortenklappen statt drei ist ein in iiber 25 % samt- 
licher Falle und in 50 % der Falle mit Zerreissung der Aorta er- 
hobener Refund. 

2. Eine Veranderung der Aortenwand als soldier scheint nicht 
selten festgestellt zu werden. Man hat geltend gemacht, dass eine 
Hypoplasie der Aorta in 10 % der Falle vorliege (Abbott), dass 
eine Mesaortitis dissecans mit Degeneration und Aufsplitterung 
der elastischen Lamellen stattfinden kbnne (Babes und Mironescu 
1910, Harrison 1939), soivie dass die Aorta ascendens nicht selten 
eine pergamentdiinne Wand habe, die zwar oft durch den Druck 
gespannt sei, deren Dunne aber gewissermassen auch der Aus- 
druck einer praformierten Mediaschwache sei. 

3. Nicht selten liegt ein abnormer Ursprung der vom Aorten- 
bogen ausgehenden Arterien vor. Von ganz besonderem Interesse 
erscheint die in meinem Fall (1) beobaclitete Variante: Ursprung 
der rechten Subklavia unterhalb des Aortenhindernisses, ein auch 
friiher bereits iviederholt erhobener Befund (altere Falle siehe 
Abbott, 1928, neuere u. a. Blackford’s Fall 12, Love und Holm 
u. a.); hierauf wird noch zuriickzukommen sein. 

Der Coarctatiozustand hat sekundar zwei charakteristischeVer- 
anderungen im Gefolge: Herzvergrosserung und Entwicklung 
eines Kollateralsystems fiir die Blutversorgung der unteren Kbr- 
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perhalfte. Die Aorta ascendens ist in der Melirzahl der Falle er- 

weitert, docli niclit in alien (vgl. oben). 

1. Die Herzveranderung besteht in einer Hypertropliie und 
Dilatation der linken Herzhalfte, in erster Linie natiirlicli der 
Rammer. Dass diese Vergrosserung ausserordentliclie Masse an- 
nelmien und, obwohl in geringerem Grade, aucb die venose 
Herzhalfte einbezielien kann, zeigt u. a, der eine meincr Falle: 
das Herz des IS-jahrigen jungen Mannes wog 1,400 g. Andcrer- 
seits sei bemerkt, dass Falle vorliegen, wo das Herz offenbar nor- 
mal gross Oder annaliernd normal gross war. Hamilton und Abbott 
liaben zehn derartige Falle aus dem Schrifttum zusammengestellt; 
sehr beinerkenswert, obgleich bisher nicht hervorgehoben, erscheint 
mir der Umstand, dass es sicli in der Mehrzahl dieser Fallen uni 
Frauen handelte, die ja sonst bei weitcm in der Minderzahl sind. 
Bekanntlich kommt cs bisweilen aucli bei esscntieller Hypertonic 
vor, dass das Herz trotz longer Krankheitsdauer kcine Hyper- 
trophic zeigt (Fahr u. a.); indessen liegt dicsbczuglich kcine An- 
gabe iiber die Verteilung nach Geschlcchtcrn vor, zwcifcllos ver- 
dient aber dieser Faktor in dicsem Zusammcnhang Beachtung. 

2. Kollateralbahnen fiir den Transport des Blutes nach den 
kaudalwarts von dem Hindcrnis gclegcnen Kbrpcrtcilcn werdcn 
mittels Aston des Subklaviasystcms gebildet, namlich toils der 
Mammaria interna, welchc die Epigastrica-inferior-Gefasse be- 
gegnet, teils mittels des Truncus coslocervicalis an der Innenscitc 
des Thorax (besonders der Intercostalis suprema) und teils des 
Truncus thyreocervicalis sowie andcrer Zwcige an der Aussen- 
seite des Thorax (namcntlich der Dorsalis scapulae), die durch die 
Intcrkostalarterien der Aorta desccndens Blut zufiihren. Dabei 
erweitern sich die Intcrkostalarterien und vcrlaufen serpiginierend 
(ein oft reproduziertcs Bild von einem von Meckel bcschriebcnen 
Falle zeigt dies sehr anschaulich); durch den pulsicrcnden Druck 
gegen die hinteren Tcile dcr Rippen kommt cs dann zn Usuren 
an diesen, die sich rontgenologisch darslellcn lassen. Die opti- 
malste )>Kollateral)> balm, die etabliert werdcn kann, ist die durch 
einen erhaltenen rechtsseitigen Aorlenbogcn (Arkin 1936, siehe 
im iibrigen unten). Die direkteste Kollateralbahn, die im iibrigen 
beschrieben worden ist, bestand in Wasastjernas Fall, wo bei 
emem 13-jahrigen Knaben, der beim Schlittschuhlaufcn durch 
eine Aortenruptur gestorben war, 4' rccht grobc Artericn gleich 
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oberJialb der verengerten Stelle der Aorta ausgingen und gldch 
. unterhalb davon. wieder in. diese einmiindeten. 

Patbologiscli-anatomisch ist die Verteilung der Atheromatose 
von Interesse, die in dem vorliegenden Falle (1) zu verzeichneri 
war: Hochgradig in den Gefassen oberhalb, im wesentlichen nicht 
voriiandcn in den Gefassen unterhalb des Hindernisses. Diese Ver- 
teilung scheint anzudeuten, dass der Blutdruck fiir das Zustande- 
kommen der Atheromatose von Bedeutung ist; zwar war sie am 
ausgesprochendsten in der Sinuscaroticus-Region, wo sie ja immer 
leicht auftritt, doch bestand ein unzweideutiger Unterschied zwi- 
schen der linken Art. subclavia, die dem hoheren Druck ausgesetzt 
gewescn und atheromatos war, und der rechten, unterhalb des 
Hindernisses abzweigenden, die keinerlei Atheromatose aufwies. 
Dass in Fall (2) auch oberhalb des Hindernisses keine Atheromatose 
bestand, spricht mit Riicksicbt auf die Jugend des Patienten nicht 
gegen diese Annahme. In Fall (3) wurde Arteriosclerose der 
grosseren Arterien nur oberhalb des Hindernisses angetroffen. 

Pathogenese. 

Die bei Neugeborcnen beobachtete Form der Coarctatio mit 
einer allgemeinen Yerengerung des Aortenisthmus wird seit Roki- 
tansky allgemein einer Missbildung zugeschrieben, deren Ent- 
stehungsmechanismus folgendermassen gedacht wird. Im Embryo- 
nalleben des Menschen (ebenso wie auch extrauterin bei Tieren mit 
gemischtem Blutumlauf) werden der Kopf und der obere Teil des 
Korpers im w'esentlichen durch die von der Konvexitat des Aorten- 
bogens ausgehenden drei grossen Gefasse versorgt, wahrend dem 
nnteren Teil des Korpers das weniger sauerstoffreiche Blut durch 
den Ductus Botalli zugefuhrt wird der Teil des Aortenbogens, 
der zwischen der Abzw'eigung der Art. subclavia sin. und der Ein- 
mundung des Ductus Botalli liegt, wird daher nur wenig in An- 
spruch. genommen und neigt deshalb dazu, in der Entwicklung 
zuruckzubleiben, wodurcb die Disposition fur das Zustande- 
kommen eines verengerten Gefasssegmentes geschaffen wird. Von 
einem bestimmten Interesse ist in diesem Zustammenhang der von 
Ask-Dpmark (1935) hervorgehobene Umstand, dass die Aorta bei 

1 Hierdurch erkiart sich zweifeiios grossentcils der Vorsprung der oberen 
Korperhalfle und namentlich des Kopfes in der Entwicklung. 
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vielen der grossen marinen Sauger (Zalophus, gewisse Wale usw.) 
eine Gestaltung zeigt, die in vieler Bcziehung an diesen Koarkta- 
tionstypus erinnert und mogliclierweise fiir diese Tiere von blut- 
druckpliysiologischer Bedeutung ist. 

Die bei etwas alteren Kindern und bei Erwachsenen liaupt- 
sachlicli auftretende, klinisck wiclitigere Form der Coarctatio 
mit ihrer abrupten, -wohlbegrenzten und oft hocbgradigen Lumen- 
verengung bat man auf die namliche Art und Weisc erklart, so- 
weit die Koarktation oberhalb der Einmiindung in den Ductus 
Botalli lag. In der Mehrzahl der Falle wiederum, wo sie in Kobe 
der Insertion des Botalliscben Ligamentcs oder unterbalb derselben 
gelegen war, bielt man die genannte Erklarung fiir unzutreffcnd und 
wollte stattdessen geltend macben, die Veranderung kainc erst 
postnatal zustande, im Anschluss an die Involution des Ductus 
Botalli, dessen scbrumpfendcs Involutionsgewebc sicb dann aucb in 
die Aorta binein erstrccktc. Dass dies ausnabmsweise zutreffen 
kann, soil nicbt abgestritten werdcn; ein in dicsem Sinnc sprecbcn- 
der Fall wurde von Bockdaleck scbon 1845 bescbricben, und essci 
gern zugcslanden, dass die Annabme ciner pranatalen Obliteration 
der Aortenlicbtung unterbalb der Einmiindung des Ductus Botalli 
hamodynamiscb schlecbt obne gleicbzeitigcn Septumdcfekt (der 
erwiesenermassen in der Regcl fcblt) vorstcllbar ist; Blaclcford 
geht in seiner sonst ausgezcicbncten Analyse m. E. zu leicbt iiber 
diesen Punkt binweg. Andcrerseits scheinen die nacbslebend 
aufgefubrten Daten entscbieden dafiir zu sprccben, dass cs sicb 
bei der Coarctatio aortae um cine pranatale Missbildung bandclt. 

1. Koarktationen vom gleicben Typ wie bei Alteren bat man 
aucb bei ganz Ideinen Kindern geseben (scbon bei einem 8 Tage 
alten KJnde; siehe BlacMord). Den bei Neugeborenen gcwdbnlicb 
begegnenden Typ bat man biswcilcn aucb bei Erwachsenen ge- 
sehen, oft in Verbindung mit dem bier iiblicben Typ (z. B. bei 
Benkwitz und Hunter, 1937). 

2. In den nicbt ganz seltencn Fallen, wo die Koarktation so 
lioch oben am Aortenbogen wie bei oder gar proximal von dem 
Abgang der Art. subclav. sin. gelegen war, ist sclbslverstandlicb 
ein vom Ligamentum Botalli ubergreifender Sebrumpfungsvor- 
gang ausgescblossen. 

3. Coarctatio aortae vom »erwacbsenen.> Typus siebt man bis- 
weilen in Verbindung mit einem nocb offenen Ductus Botalli. 
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Obturierendes Ligamentgewebe kann also in diesen Fallen nicbt 
mitgespielt liaben. . ’ ' 

,4. Coaretatio aortae im hier yerstandenen Sinne ist selir oft 
mit anderen kardiovaskularen Missbildungen verbunden, ,wie zwei 
Aortenklappen statt drei, sowie mit Anomalien der von der Aorta 
ausgehenden Gefassstamme (vgl. oben). 

Was den letztgenannten Punkt angeht, erscheint mir der in 
naeinem ersten Falle bescbriebene abnorme Ursprung und Verlauf 
der recliten Subkiavia ganz besonders lehrreicli. Dieser Anomalie 
haben die alteren Anatomen besondere Aufmerksamkeit geschenlct, 
und in verscbiedenen Zusammenstellungen findet sich die Angabe, 
als solcbe (also oline mit Goavctatio verlmnden zu sein) komme sie 
in nicht weniger als 0.6— 1.6 % vor (Hinweise bei Goldbloom 1922; 
aufscblussreich ist besonders Holzapfels Zusammenstellung von 
200 einsclilagigen Fallen). Teratogenetiscb diirfte kein Zweifel 
daran besteben konnen, dass eine solche Subldaviaarterie als der 
■ubriggebliebenc distale Teil der im iibrigen obliterierten recbten 
vicrten Kiemenbogenarterie (recbten Aorta) anzusprechen ist; der 
Ursprung aus der Aorta unterhalb der linken Subkiavia sowie auch 
dor ^^erlauf binter Oesophagus und Trachea sind cbarakteristisch. 
Nun bat man bei Koarktation diese Anomalie tatsdcblich nicht 
selten vorgefunden: Abbott zitiert mehrere derartige Fade (dar- 
unter Oppolzers 25-jahr. Apotheker), Blaclcford’s Fall 12 zeigt 
prinzipiell den namlichen Befund, und dasselbe gilt von eineni 
von Love und Holms (1939) veroffentlichten Fall eines 44-iahrigen 
Negers mit einem Blutdruck von 150/90 am recbten Arm, 210/95 
am linken Arm, wo bei der Sektion festgestellt wurde, dass der 
rechte Arm den grossten Teil seines Blutes durch eine interkostale 
Verbindung zwischen der recbten Art. costocervicalis und der 
Aorta unterhalb des Hindernisses bekam. Tatsacblich fragt man 
sich, ob nicht in der Mebrzahl der Falle von Coarctatio aortae dieser 
distale Teil des recbten Aortenbogens erhalten ist, sebeinbar in 
Form einer Kollatcralbabn von der Subkiavia her (iiber die Art. 
intercostalis suprema). In diesem Zusammenbang sei an eine Unter- 
suchung von Arkin (1936) fiber eine Anzahl von Fallen (6) mit 
doppeltem Aortenbogen erinnert; der rechte Bogen war wohl- 
erhalten, wabrend der linkc eine ausgepragte Koarktation aufwies, 
von dieser Stufe ist es nur noch ein Schritt zu den Fallen mit rechts- 
seitigem Aortenbogen allein (letztbin von Tengve 1941 beschrieben; 
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Fig. 7. Schematisclie Darslcllung dcr formalgenetischcii Enlwicklung lies 

Coarctaliozustandc: 


1. Urspriingliche VerhaUnisse mil zwei Aorlcnbogcu (RepUlicn). 

2. Rechtsciligcr Aortenbogen beibcballcu mil Ursprung der linken A. sub- 
clavia entweder als letzter (a) odcr als crslcr (b) Asl dcs Bogcii.s. 

3. Rcchlseiligcr Aortenbogen, linksseilige Coarclalio (Arkin-Typus). 

4. Link-scitiger Aortenbogen mit Ursprung dcr rccblcn A. subclavia cnlwcdcr 
wie gewohnlich als erster Ast (via Anonyma) odcr in gewissen Fallen als Iclzlcr 

Ast dcs Bogens (a resp. b). 

5. Coarclalio aorlac a. unlcr gcwohnlicbc Verhiiltnisse b. under VerhaUnisse 
wie sie gemass 4 b vorliegen und die von dem bier besebriebenen Fall 1 illu- 
striert -werden. Unter solche Bedingungen muss dcr Bluldnick am linken Arm 

hocb, am rccblcn niedrig sein. 
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Siche im Ubrigen Hinweise bei Arkin), wo die linke Subklaviaar- 
tcrie entweder der letzte der bracbiokephalen Aste der Aorta 
(Typ I; Spiegelbild des Subklaviaursprunges in meinem eigenen 
erslen Falle) oder der erste ist (Typ II; Spiegelbild des normalen 
Ursprunges der recbten Subklavia), Siebt man die Sache so, kann 
der Zustand init zwci viablen Aortenbogen (Reptilmodell) als der 
Uriyp gelten. Normal bleibt beim Menschen der linke besteben, 
wabrend der rechte im wesentlicben zur Art. subklavia wird 
(Saugermodell); eine Spielart dieses Typs ist der XJrsprung der 
recbten Subklavia als letzter bracbiokepbaler Arterienstamm. 
Andererseits kann statt dessen der recbte Aortenbogen persistieren 
(N’^ogclmodell), wabrend der linke der Involution verfallt und nur 
als Subklavia fortbestebt, die dann auf zweierlei Weise aus der 
rccblsorientierten Aorta entspringen kann, namlicb als erster 
bracbiokepbaler Zweig oder als letzter. Der recbte Aortenbogen 
v’ird sozusagen normalerweise von Coarctatio in Form von Involu- 
tion gewobnJicb seines distalen, bisweilen seines proximalen Teiles 
betroffen. Die Koarktation kann indessen aucb den linken Aorten- 
bogen befallen, besonders naturlicb wenn der rechte entwickelt 
ist, bisweilen aber aucb bei riickgebildetem oder — vielleicht 
ricbtiger ausgedriickt — nicbt geniigend entwickeltem recbten 
Aortenlmgen; ist der recbte Subklaviaurspnmg dann normal, so 
ergeben sicb die bei Coarctatio gewobnlichen Verbaltnisse, zweigt 
die Subklavia als letzter bracbiokepbaler Stamm ab, so ergibt 
sicb das Bild, das wir in meinem Falle (1) sahen. 

Offensicbtlich kann eine recbte Subklavia dieses Typs bis- 
weilen als Kollateralbabn an dem Hindernis vorbei dienen, unter 
der Voraussetzung namlicb, dass sie unterhalb des Hindernisses 
die Aorta verlasst und dass sie auf Anonymaaste stosst. Anderer- 
seits liegt es auf der Hand, dass das Vorbandensein einer Subklavia- 
arterie von dieser Bescbaffenbeit inkeiner Weise durch die Koarkta- 
tion als solche verursacht ist: teils kommt dieser Subkiaviatyp ja 
obne gleicbzeitige Koarktation vor, teils liegen die Verbaltnisse 
bisweilen so, dass sie nicbt als Kollateralbabn dienen kann: in 
meinem Falle besorgte sie allein die Nutrition des recbten Armes, 
obne sicbtbare Hilfe seitens anonymer Aste, in Oppolzer’s Fall 
ging sie zwar als letzte brachiokephale Arterie von der Aorta aus, 
docb oberbalb des Hindernisses. Wir mvissen also zu dem Schluss 
kommen, dass wir es bier mit einem praformierten Zustand zu tun 
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liabeji, der zusammen mit Coaixtatio aoitae vorkommen kann 
(und siclierlich oft in abortiver Form vorkommt). 

Teratogenetiscli ist also festzustellen, dass cine postnatale 
Entwicklung der Koarktation im Anschluss an die Obliteration des 
Ductus Botalli uhwahrsclieinJich ist, wahrend dagegen mit uber- 
wiegender Wabrscbeinlichkeit eine Entwicklung des Zustandes im 
Anschluss an die endgiiltige Ausbildung der Kiemenbogenarterien 
im zweiten Embryonalmonat anzunehmen ist. Wie sich die Ent- 
wicklung im einzelnen gestaltet, lasst sicb natiirlich schlecht sagen: 
siclierlich spielt die von Rokitansky hervorgehobene Differcnzierung 
der Blutversorgung fur die obere und die untere Korperhalfte eine 
Rolle, wahrscheinlich auch andere Faktoren: so soil darauf hinge- 
wiescn werden, dass ein oblitcriercnder Jnvolutionsvorgang, wie 
er sich postnatal im Ductus Botalli vollzieht, bercits auf dicser 
ombryonalen Stufe in cnger Anlehnung an die Aortenbogen vor sich 
geht, namlich im Ductus caroticus; die Involution des proximalen 
rechten Subklaviateiles in Fallen vom Schlagc mcincs Falle (1) ist 
hier mdglicherweise eine Parallelcrscheinung zur Koarktation; 
ferner sei an die mdgliche Bedeutung des querlaufenden linkcn 
Hauptbronchus (vgl. die Ocsophagusverengerung in gleicher Hdhe 
sowie die Kaudalvcrscliiebung des Herzens zu dicsem Zeitpunkt), 
des linkens Recurrensnerven und der Lagevcriinderungen des Ver- 
dauungskanals erinnert [vgl. die eigentiimliche Erscheinung, dass 
bei erhaltencm doppelseitigem Aortenbogen dcr linkc in der Regel 
von kleinerem Kaliber ist als der rcchte (Arkin)]. Wenn ein leerer ^ 
Schlauch (die Isthmuspartie) fiber cine Kantc (den linken Bronchus 
bzw. Recurrens am Descensus des Herzens?) gebogen wird, so 
miissen besonders gunstige Bedingungen fur eine Obliteration vor- 
liegen, und zwar vielleicht um so mchr, als der eng angeschlossene, 
ebenfalls unbeschaftigte Ductus caroticus bier mit gutem Bei- 
spiel vorangeht. 

Von diesen selbstverstandlicli stets hypothetischen formal- 
genetischen Einzelhciten abgesehen, diirften wir indessen zusani- 
menfassend feststellcn kdnnen, 

dass die Coarctatio aortae pranatalen Ursprungs ist, 

dass der teratogenetische Terminationspunlit wahrscheinlich 
im 2. Embryonalmonat zu suchen ist, sowie 


a nicht allzu buclislablicli zu fassen; Imlro- 

y c isch Iiegt es nahe, m dicsem Gebiet das Vorliandcnscin der als tplasma 
skimming^ bczcichnclcn Erscheinung anzunehmen. ‘piasma 
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class dcr formalgcnelische Enlstehungsmechanismus sich eng 
an die Dirfcrcnzienmg dcr Kicmenbogenartcrien anlehnt, ganz 
lesonders offenbar an die Erballung eines (mehr odcr weniger 
aborlivcu) rccblssciLigen Aortenbogens. 

Physiologie. 

Physiologisch ist die Coarclalio aoriae vor allem durch das 
eigcnliimlicbc VerbaUen dcs Bluldruckes von Interesse. In der 
Rcgcl ist dcr Blutdruck obcrhalb dcs Hindernisscs (also in Armen, 
Ko])f usw.) stark crluiliL, unterball) der Hindernisscs (also in den 
Bcinon) dagegen gcscnkl. In einigen Fallen war aucb der Blutdruck 
dcr Beine cimvandfrei crbohl. In scitenen Ausnabmefallen wurde 
aiicli in den Armen normalcr Blutdruck fcstgcstcllt. 

Beim normalcn Menseben soli dcr Blutdruck vor dem 30. Lebens- 
jabre in Armen und Beinen glcicb scin, nacb dicsem Alter ist der 
Blutdruck dcr Beine bober. Besonders auffallig ist diescr Niveau- 
untersebied zwiseben Armen und Beinen bei Aorteninsuffizienz 
(Hiirscbes Pbanomcn), wibrend er anclererseils bei Infektcn oder 
Herzmuskelscbadcn besonders geringfugig odcr gar umgekebrt sein 
kann (Naumann 1039, dort Scbriftlumsnaclnveise). 

Die Hypertonic dcr oberen Korpcrbalfte bei Coarctatio aortac 
ist von mebreren Forsebern in den Iclztcn Jabren eincr peripheren 
Vasokonstriktion, humoral durcb cine renale Iscbamie ad ino- 
dum Goldblatt berbeigefubrl, zugescbricbcn worden (Goldblatt 
et al. 1939, vStecle 1939, Page 1910, u. a.). Dieser im 'wescntlichen 
auf Analogien aus Tiervorsueben (Konstriktion dcr Aorta ober- 
balb bzw, unterbalb der Niercnarterie) fussenden Auffassung lassen 
sicb inde.sscn die folgendcn Eimvandc cntgcgenbaltcn. 

1 . Die durcb Konstriktion der Aorta abdominalis oberbalb des 
Ursprungs der Niercnarlcrien cxpcrimcntell bervorgerufene Hyper- 
tonic weist zwar unverkennbare Dbcrcinslimmungcn mit der durcb 
Konstriktion dcr Nicrenarterien bevirkten Hypertonic auf, dock 
ist sie vorubergebender Natur. Bei der Coarctatio aortae dagegen 
i.st die Blutdruckcrbdbung konstant, venn niebt das Herz versagt. 

2. Durcb direkte Bcobacblungen an Fallen mit Coarctatio 
aortae bat man zeigen kdnncn, dass die Reaktionsbereitsebaft der 
Gefiisse gegeniiber verschiedenartigen Impulscn in der oberen und 
der untcren Korpcrbalfte die gleicbc ist (Woodbury-Murpby- 
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Hamillon 1940). Dcmgcmiiss ware, falls cin rciialcr Ursaclien- 
faklor vorlagc, cine Hypertonic niclil allcin dcr ol)crcn. sondcrn 
ancli der nnlcrcn Korperluilftc zu erwarlen, da dcr vcrantworlliclie 
Mcclianismiis cine Vasokonslriklion ware, also cin Widerslands- 
hoclidruck. Dies isl aber bci der Koarklalion in der Rcgel niebt 
dcr Fall: dcr Bluldriick dcr Bcinc ist in dcr grossen Mclirzahl dcr 
Fallc normal odcr niedriger als normal. Nun konntc man oin- 
wenden, dass wenn die Kollalcralbahncn das Blul mir unvollslan- 
dig in die unlcrc Kdrpcrhalflc zu scliaffen vermtigen, bier cine Vaso- 
konslriklion vorliegen kdnnlc, obnc dass diese siob in cincm zu 
liobcn Druck zu aussern braucblc. Toils aber liegen in der grossen 
Mchrzahl der Fallc von Coarclalio aortae kcincrlci klinisebe Aji- 
hallspunklc fiir cine mangclhaflc Blulvcrsorgung dcr imicren 
Exlrcniilalen vor (die Ausnabmcu sind sellcn und bcsliitigcn die 
Regel), toils alicb muss die Berccbligung {Ic.ssen, das i)rimareu Vor- 
liandcnscin cincs Widerslandslioclulruckes anzunehmen, uberbaupl 
in Frage gcslclll werden. 

3. Ware namlicb cin Widerslandsbocbdruck (lurch ])eri])bero 
Vasokonslriklion das Wcsenllicbc bci Coarclalio aorlae, so wiirde 
man erwarlen, dass der diasloliscbc Druck in den Armen konslanl 
zu hocb Avarc. Das isl aber durebaus nicbl der Fall. Fine Zusum- 
mcnstcllung von King (1937) liber den Bliildruck in den bis dahin 
vcroffculliclilcn Fallen von Aorlenkoarklal ion zeigl folgendes: unler 
M6 Fallen mil gemessener .s 5 ’sloli.scbcr Armby])crlonie war der 
diasloliscbc Druck in 32 Fallen (darunler 10 Frauen) 80 oder unler 
80, wabrend cr in 56 Fallen (darunler 22 Frauen) 1 00 oder bdber war. 
Ein durcbweg begegnender Zug war ferncr die auffallcnd liohe 
Bluldruckamplilude . 

Ganz besonders mil Riicksiclit auf den ofl nornialen diasloli- 
seben Arnibluldruck (vgl. mcinc eigenen Fallc) isl zweifellos cine 
Widerslandshy’iierlonic in dem vou Wczicr umrissenen Sinne die- 
ses Worlcs bei dem in Rede slcbendcn Znsland als weniger walir- 
scbeinlicb anzunehmen. Das Seblag- und Minuleiivolumen des 
Herzens verball sicb andcrcrseils im wcscnllicben normal; es kann 
clwas vergrbsserl scin, isl aber in der Rcgel normal (Slewarl und 
Bailey, 1941; Erwabnung verdient bier dcr Befund derselbcn 
Auloren, dass der Gnmdumsalz in 3 Fiillcn erbdhl, in 1 gescnkl 
und in 5 Fallen normal war); cine Minulenvolumenhj'imrlonic 
begl also kaum vor. Dagcgcn scheinen sicb sowobl dor normale. 
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cliaslolischc Druck aJs die grosse Pulsamplitude gut mit der An- 
nalune eincr ElastiziLalshypcrtonie im Sinne Wezlers, also einer 
ungeniigenden Windkcsselfunktion, in Einlclang bringen zu lasscn. ' 
Bci den jungen Mensclien, una die cs sich liier moist handelt, durftc 
zwar die Elastizilat der grossen Gefasse nicht direkl bezweifelt zu 
werden braueben (vgl, jedoch die Befunde pniformierter Ver- 
anderungen der Aortemvand), dagegen al)er durfle zweifellos durcli 
die CoarcLaLio Veranderung eine starke Verkleincrung dcs Wind- 
kessclvolumens eingetreten sein (vgl. Hcrkcl, 1939). Es wurdehier 
also mit andeven Worten ein liamodynamisclies Gegcnsliick 
den von Dietrich bescliriebcnen Fallen von juveniler Hypertonic 
bei enger Aorta vorlicgen (siehe Wczler), Diese Annalime sk-hl 
in vollem Einklang mit den anatomischen Verhaltnissen ebenso 
wie mit den oben angegebenen physiologischen Merkmalen der 
festgcstelllcn Hypertonic. Der Mechanismus ware also cine Paral- 
Icle zu dem von NN^'z^r bci c.sscnlieller Hypertonic angenommenen; 
dass sekundiir ein Widcrsiandshochdruck hinzutreten karin, dann 
mit eincr Erhdluing auch dcs diastolischen Druckes, crschcint bci 
der Koarktalion ebenso nalurlich vie bei essenlieller HyperLonie, 
imd der biswcilcn crhdhtc Gnmdumsatz legt naturgemass auch die 
Kombination mit Volumenhochdruck nabc. Der Kern der bci 
Coarclalio aortac bestebenden Hypertonic aber Avird das vermin- 
derle Windkesselvolumcn ausmacben, also eine Variante des 
Elastizitatsbocbdruckcs. 

Tn denjenigen Fallen von Coarctatio, avo aucb der Blutdruck 
der unteren Extremitaten crhdht ist, diirfte man das Vorbanden- 
scin besonders dirckter und Avoblentwickclter Kollateralbalmcn 
anzunebmen baben; liegt diastolisebe Hypertonic vor, so wird sicb 
offenbar ein Widcrstandsbocbdruck durcb periphere Vasokonstrik- 
tion binzugcsellt baben. Vom praktischen Gesiclitspunkt ist es 
in dicser Hinsiebt von Gewicht, dass der Befund der Hypertonic 
an den unteren Extremitaten nicht die Diagnose Coarclalio aortac 
ausschlicsst, nicht einmal Avenn der (fiir Coarctatio) exzeptionelle 
Fall eintreten sollte, dass der Blutdruck der Beine hdher istalsder 
Armblutdruck (aa'ic in eincm von SteAvart und Baileys aivtoptiseli 
gesicberten Fallen: 48 jabrige Frau mit 255/160 am Arm, 290/200 
am, Bcin gemessen). 

Andererseits sebeint in seltenen Ausnabmefallen der Blut- 
druck der oberen Kdrperbalfte bci Coarctatio normal sein zu kdn- 
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nen. King (1937), dcr cliese Frage imtcrsucht hat, finclet bei sorg- 
faltiger Durchmusterimg des Schrifttums nur einen einzigen sol- 
clien Fall, eine 25 jahrige Frau, von ihm selbst beschrieben, wo 
der Blutdruck beider Arme sich in normalen Grenzen hielt (die 
Pulsamplitudc war jedoch gesteigcrl); in den iibrigcn I)cschriebencn 
Fallen mit normalen oder niedrigem Blutdruck der oberen Kdrper- 
halfte war entwedcr eine vorhandene Dckompcnsation fiir die 
Senkung verantwortlicli, oder auch dcr Blutdruck war nur an dem 
einen Arm gemesscn w'ordcn. Letzteres kann indessen irrcfiibrend 
sein: in mebreren Fallen war namlich der Blutdruck des linken 
Armes niedrigcr als der des rcchtcn und in gewissen Fallen sogar 
normal (der systolisclie liaufiger als der diastolische). Bckanntlich 
kommt beim normalen Menschen oft ein Untcrschied zwischen dem 
Blutdruck der beiden Arme vor (Schrifttumsnachweise bei King; 
siehe auch Southby 1935); in diesen Fallen ist ebenfalls der Driick 
am rechten Arm in dcr Regcl holier als der am linken, dock ist dcr 
Untcrschied bedeutend gcringcr als in den bier in Rede stehenden 
Fallen von Coarctatio, bei denen man moglicherweise annehmen 
darf, dass die Verandcrung ihren Sitz vor dem Abgang der linken 
Subklavia hat, was ja biswcilcn dcr Fall sein kami. Wenn in den 
besagten Fallen der Blutdruck nur am linken Arm gemessen wor- 
den ist, muss man die diagnostisch so wichtige Hypertonic iiber- 
sehen. King neimt andererscits einen ihm unerklarlichen Befund 
von East, wo der Druck im rechten Arm bedeutend niedrigcr als 
im linken und sogar niedrigcr als im Bein war. Dieser Fall, dcr 
nicht zur Autopsic gckommen war, liisst sich m. E. gut erklaren, 
indem man cine Anordnung der Gefasse annimmt wie sic i i mcincm 
Falle (1) vorlag: Ursprung der rcchtcn Subklavia unterhalb des 
Hindernisses. 

Physiologisch ist ferner der Umstand von Intcresse, dass die 
Nierenfunktion bei Fallen von unkomplizierter Coarctatio aorlae 
intakt zu sein sclieint (Bcisp.: Flexner: 19-jahr. Mann mit urea 
clearance 106.6 %, R, N. 27; Herkel; dl-jahr. Mann mit dor Harn- 
konzentration 1,028). Schliesslich sei auf den in der Literatur 
wiederholt hervorgehobenen Befund eines erhohten Grundum- 
satzes bei diesen Fallen hingewicsen, wobei sie Ziige annehmen 
kdnnen, die an die Basedow’sche Kranlcheit erinnern; doch sei 
unterstrichen, dass der Grundumsatz meistens normal zu sein 
scheint (vgl. Stewart und Bailc)'). 
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Klinik. 

Die Coarctatio aortae kann sich klinisch in verschiedener Weise 
verhaltcn. 

1. Bisweilen entdeckt man den Zustand als Nebenbefund bei 
der Obduktion, ohne dass er zu Lebzeiten, soweit bekannt, subjek- 
tive Besclnverden vemrsacbt hatte oder mitverantwortlich am 
Tode gewesen Avare. 

2. In anderen Fallen manifestiert sich die Koarktation in der 
Form des plolzlichen Todes eines anscheinend gesunden Menschen. 
Die Todesursacbe ist in dicsen Fallen entweder eine vaskulare 
Hirnlasion oder eine Aortenruptur oder in Herztod s.str. 

3. Schliesslich verursacht die Coarctatio aortae in vielen Fallen 
mehr oder weniger langc Zeit vor dem Tode Krankheitserscheinun- 
gen. Diese sind im ganzen von zv.'cierlei Art, einerseits Hypertonie- 
bcschwerden seitcns des Kopfcs oder des Herzens, andererseits 
Sjonplome einer komplizicrcndcn Endokarditis (oft vom T}pus 
dcr E. viridans); bisweilen kann auch ein Morbus Basedowi vor- 
getausebt werden, ^vas sogar ein operatives Eingreifen vcranlassen 
kann. Nur in seltenen Ausnahmefallen b. stehen Symptome mangel- 
bafter Blutversorgung der unteren Extremilaten (Claudicatio und 
andere Besebverden; bisweilen das sog. Evans’sche S 3 TOptom: 
wenn der Patient sicb aus dcr liegenden Stellung erhebt, bemerkt 
er eine eigentiimlicbe Sclnvacbe und Gcfiihllosigkeit. der Bcine, die 
beim Geben bald versclnvindet). 

Die objektive Untersuchung erhebt vor allem drei charakte- 
ristische Befunde. 

1. Erbobter Blutdruck in den oberen Extremitaten, verhaltnis- 
massig niedriger Blutdruck in den unteren. Obwohl diese Konstella- 
tion niebt durebaus konstant ist (vgl. oben), so ist sie dock die Regel 
bei Coarctatio. Da es sich gewohnlich um junge Menschen handelt, 
hat man diagnostiscb in alien Fallen von juveniler Hj'p'^rtonie 
auch die Moglichkeit der Coarctatio aortae ins Auge zu fassen. Es 
sei an die Notwendigkeit dessen erinnert, den Blutdruck an beiden 
Armen wie auch an den Beinen zu messen. Der Puls der Art, femo- 
ralis ist in der Regel parvus, tardus und stark verspatet; in Aus- 
nabmefallen kann er indessen wohlgefullt sein. Her\mrtretende 
Pulsationen am Halse. Uhrglasnagel und Trommelschlagelfinger 
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konnen vorkommen; lehvroich war in diescr Bcziehung mein eigener 
Fall (1) mit Ulirglasniigeln an cler linkcn, nicht aber an cler rcchleu 
Hand (vevsorgt aus der Aorta obcrhalb bzw. unterhalb cles Hinder- 
nisses); die Veranderungen stehcn selbstredciul mit der Dilatation 
der Nagelkapillaren im Zusammcnhang. 

2. Die Entwicklung der kollateralen Arterien liisst sich oft, 
dock nicht immer durch Palpation and luspektion feststolleiu 
Namentlich das Gebiet niediahvarts der Scapula ist sorgfaltig zu 
uiitersuchcn, ganz besonders in Hdhe des Angnlus; der Befimd 
giinsefederweiter, pulsierender siibkutaner Arterien an dieser Stelle 
ist fiir die Coarctatio pathognomonisch. Ebenso Dilatation fler 
Jitammaria interna — das Epigastrica-System projiziert sich bis- 
weilen auf die Haut. In den Fallen wiederuin, wo der Truncus costo- 
verticalis mit dem Intcrcostalis-suprcuia-System die wesentlichc 
Kollaleralbalm bildet, kann man an dem Kranken in der Regel 
koine direkten Kollateralbahnen feststellen; tlagegen sicht man 
sowohl in diesen als oft auch in anderen Fallen cine zuerst von 
Rosier (1927) beschriebene rdntgenologische Usur des hinteren 
Teiles der Rippen, und zwar am untcren Ramie derselben, wo die 
Interkostalarterien bei ihrer Erwcilenmg eine Druckatrophic er- 
zeiigen; anatomisch wurde dieser Befund 100 Jahre vor Rosier von 
Meckel crhoben. Diose Rippenusnrcn sind ebenfalls fiir die Coarc- 
tatio pathognomonisch. 

3. Das Herz zeigt in der Rcgel eine starke Linlvshypertrophie, 
oft in Yerbindung mit Dilatation, ferner systolische Gerausche, 
von denen das charaktcristischste ein stark im Interskapularraum 
hdrbares Geriiusch ist. Obwohl man gesagt hat, die Coarctatio 
aorlae sei die einzige kougenilale Missbildimg, die mit einer reinen 
Linlishypcrtrophie verbunden sei, diirfte die physikalische Unter- 
suchung allein nur ausnahmsweise wegweisend scin, Elektrokardio- 
graphisch verzeichnet man ein ebenfalls nicht spezifisches Links- 
iibergenicht, bisweilen im \ercin mit Zeichen einer llyokardschadi- 
gung. Rontgenologisch liisst sich indesscn, wie Wolke (1937) hat 
zeigen konnen, bisweilen direkt eine fur Coarctatio charakteristisehc 
Indentierung des Aortenschaltcns feststellen, die bei schriiger 
Durchleuchtung, besonders gut mit Kontrast in der Speiserdirre. 
sichtbar ist. 


Acta med. scamUnae. Vol. CXII. 
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Prognose und Therapie; 

Auf die Prognose wurdc obcn (S. 12) eingegangen; der Zu- 
stand ist in schr liohem Grade dazu angetan, das Leben zu ver- 
kiirzen, andererseits aber muss man sicb klar sein, dass wie Lewis 
hervorgeboben hat, »failure is not inevitable)). Es gibt Falle, die 
ein holies Alter erreicht und cin sehr aktives Leben gelebt haben. 

Die Therapie muss im wcsentlichen prophylaktisch sein. Wie 
bei den iibrigen Herzaffcktionen, Klappenfehlern und Herzmuskel- 
schadcn, so gilt es auch von der Coarctatio aorlae, dass die beiden 
grosscn Gefahrcnmomente Oberanstrengung und Infektionen heis- 
sen. Die Berufswahl ist bei diesen*jungeren Menschen von sehr 
grosser Bedeutung. Ist Dekompensation cingetreten, so diirfte die 
Prognose in der IMehrzahl dor Fallc ominds sein, da das Herz ja 
bereits seine gcsamte verfiigbare Kraft verausgabt hat. Chirurgi- 
scher Therapie diirfte die Coarctatio aortae einstweilen noch unzu- 
ganglich sein. 


Summary and conclusions. 

. 1. Three cases of aortic coarctation, recently observed at the 
INIedical Clinic of Lund, arc described: a) man, aged 32, death caused 
by endocarditis lenta, aortic coarctation bicuspid aortic value 
-j- origin of right subclavian artery below the coarctation; b) man, 
aged 18, death caused by pulmonary tuberculosis, diagnosis of 
aortic coarctation established during life; weight of the heart 
1,400 gram; c) man, aged 69, death caused by cardiac failure; 
aortic coarctation. 

2. A brief re%’iew is given of the history, the occurrence, the 
anatomy, the physiolog^'^ and the symptomatology’’ of the aortic 
coarctation. Attention is called to the occurrence of a somewhat 
similar condition in the aorta of several big aquatic mammals, as 
demonstrated by the author in 1934. With regard to the frequency 
our attention has been drawn to the possibility of encountering 
aortic coarctation during the last decade. During this decade more 
than 30,000 patients have been treated in the Medical Clinic and 
more than 5,000 necropsies carried out at the Institute of Patho- 
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logy. The three observations here described were the only ones 
encountered in Lund since 1897, when Wadstcin ealled attention 
to the matter. 

3. Aortic coarctation should be looked upon as a malformation 
of prenatal origin, reasonably developing before the end of the 
second month of gestation. With regard to the formal teratogenesis 
particular attention should be called to frequent occurrence of a 
more or less differentiated right aortic arch, usually manifesting 
itself as a low origin of the right subclavian artery. 

4. The behaviour of the blood pressure in aortic coarctation is 
discussed from the hemodynamic point of view. The regular 
occurrence of h 5 '^pertension in the upper half of the body should 
be looked upon as an »elasticity-hjq)crtension» in the sense of 
Wczlcr, depending upon a reduction of the volume of the wind- 
kessel. Additional secondary factors may sometimes be increased 
peripheral resistance (by means of a Goldblatt mcebanism) and 
increased cardiac output (in cases with increased basal metabolism). 

5. Aortic coarctation should be looked for on the one hand in 
cases of sudden unexpected death in young, apparently healthy 
individuals, on the other hand in instances of juvenile hypertension 
as well as when endocarditis Icnta is about. Appropriated selection 
of profession seems to l)e important. 
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Auricular extrasystoles inducing auricular 
fibrillation in acute infectious diseases. 

By 
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Introdnclion. 

The fact of auricular extrasysloles often preceding auricular 
fibrillation in myocardial disease is well established [Wenckebach 
and Winterberg (1); Scherf (2)]. Scherf even advises quinine treat- 
ment in conditions known as liable to be complicated by auricular 
fibrillation, such as mitral stenosis, coronary sclerosis, hyper- 
thyroidism, when the patients begin to show auricular extrasystolcs. 
In this author’s opinion, extrasystolcs w'hich show continually 
varying shapes of P-deflexion are often the predecessors of auricular 
fibrillation. A striking instance of transitory auricular fibrillation, 
introduced by blocked auricular extrasystoles, is given on p. 150 and 
151 of his above-mentioned study. 

Auricular extrasystolcs and auricular fibrillation in infectious disease. 

We were struck by the fact that patients with Sumatran ici)to.spi- 
ral infection and with pneumococcal pneumonia sometimes show 
auricular fibrillation. In all we saw this happen in two cases of lep- 
tospirosis andthree of pneumonia; as wc think the knowledge of this 
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connection to have some importance for the prognostic valuation of 
the heart action in infectious disease, we want to communicate this 
observation. 


Lepiospiral infection [Sumatra (3)]. 

These infections are to he considered as a variant of Weil’s 
disease. Fig. 1 shows a temperature chart of a patient, on which the 
onset of extrasystoles and auricular fibrillation are indicated. In tliis 



Fig. 1. Temperature chart and pulse in lepiospiral infection. (Zicktedag- 
day of illness. E.S. = extra-systoles. Fibrilleeren = fibrillation. Pols = pulse). 

case no tracing was made of the extrasystoles. The diagnosis of 
auricular fibrillation was made in view of the completely irregular 
arterial pulse, in the absence of a-waves in the jugular pulse. The 
fibrillation lasted for one day; on the subsequent day the a— c 
interval of the jugular pulse was somewhat lengthened, in which 
a sign of mj’^ocarditis must be seen. The patient was given 0.6 g of 
quinidine sulphate from the onset of fibrillation. This observation 
led us to obser\’’e more closely the second case of this kind. 

Chart 2 gives the temperature curve of this case with the clini- 
cal data of the heart action. Fig. Sshows the auricular extrasystoles. 
The fibrillation came in attacks, which sometimes were of very 
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brief duration (fig. 4). In fig. 4 it is probable that the fibrillation 
was induced by a blocked auricular extrasystolc. After the c-wave 
of the last normal cycle, a higher wave follows prematurely, prob- 
ably representing the summation of a and v. 
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Fig. 2. Temperature chart and pulse in Icptospiral infection. 
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Brack 

Fig. 3. Auricular extra-systoles in Icptospiral infection (case of fig. 2). 



Btachs norrnale cycli-. 


Fig: 4. Auricular fibrillation, interrupted by a brief period of normal sinus 

rythm (case of fig, 2). 
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Pneumococcal pneumonia. 

Fig. 5 sliows the temperature cliart of a patient with pneumo- 
coccal pneumonia with the clinical data concerning the pulse. Fig. 
6 and 7 give- the obtained pulse tracings. Again auricular fibrillation 
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Fig. 5. Temperature chart and pulse in pneumonia. 
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Fig. 6. Auricular extra-systole (Pneumonia, case of fig. 5). 

was preceded by auricular extrasystoles, which was also seen to 
persist after the period of fibrillation. The patient recovered after a 
long illness (observation in the tropics in 1927). 

The analysis of the next case gives us an insight into the con- 
nection between both types of irregularity. Fig. 8 shou's the clinica 

data. 




auricular extrasvstoles inducing auricular fibrillation etc, 4i 

The patient, a man aged 47, formerly healthy, suffered fiom 
pneumococcal pneumonia with bacteriaemia (type 1) and was treat- 
ed intra-venously with specific antiserum. On the third day of illness 
supraventricular extrasystoles set on, with a fixed linking interval 
of 0.32 sec. and somewhat aberrant ventricular potentials (^ig. 9). 



Fig. 7. Completely irregular pulse (auricular fibrillation), (Pneumonir, 

case of fig. 5). 



Fig. 8. Temperature chart and pulse in pneumococcal pneumonia. 

The form .of the premature P (P^) was nearly that of a normal P, so 
that it may be assumed that the extrasystoles took their origin in or 
quite near the sinus node. The onset of these extrasystoles gave 
reason to expect fibrillation to develop. On the 5th day of illness we 
found a very irregular pulse as a result of auricular fibrillation. 
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Fig, 9. Auricular exlra-sysloles in pneumococcal pneumonia (case of fig 8) 



Fig. 10. End of attack of auricular fibrillation in pneumonia (case of fig. 8). 
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Fig. 12. Short attack of auricular fibrillation, induced by a blocked auri- 
cular extra-systole (case of fig. 8). 



Fig. 13. Very short periods of auricular fibrillation, induced by blocked 
auricular extra-systoles (case of fig. 8). 




AURICULAR EXTHASYSTOLES INDfCING AURICULAR FIBRILtATION ETC. 43 

Electrocardiograpliic analysis of long tracings revealed tlie fi- 
brillation to be replaced by periods of normal sinus r^^tlim from time 
to time, which then, however, was continually disturbed by auricu- 
lar extrasystoles. Twice the transition of fibrillation into normal 
sinus rythm could be traced. During the last moments of fibrilla- 
tion large auricular deflections appeared, so that the curve took 
a resemblance to auricular flutter (fig. 10). Most interesting wns the 
transition from sinus rythm into fibrillation, which could be beau- 
tifully followed up in one of the tracings: after the cessation of a 
paroxysm of fibrillation a sinus rythm appeared wuth numerous 
auricular extrasystoles, which at first showed constantly the same 
linking interval of 0.32 sec. as was found on the previous day. After 
30 seconds this interval was suddenly shortened to 0.24 sec., after 
which there came two cycles with very aberrant ventricle com- 
plexes after a protracted conduction time. (fig. 11). The shape of 
the premature was somewhat different from that of the P^ waves 
with a longer linldng interval. Now there came a period in which all 
auricular systoles were blocked at the atrioventricular junction. 
The duration this period could not be ascertained exactly, but any- 
way very shortly afterwards the tracing began to show sections in 
which a blocked auricular extrasystolc induced a brief attack of auri- 
cular fibrillation with rather high electric potentials (»impure» 
flutter). Sometimes, after the extrasystolic Ph only two of these 
fibrillation waves appeared, after which they were again replaced by 
the sinus rythm (fig. 12 and 13). The wole period of fibrillation 
lasted on the 5th day of illness till 3 p. m., after which the pulse 
became regular again and remained so. 

We still saw this course of events in another patient with pneu- 
mococcal pneumonia, in whom it could not be studied with the 
same accuracy, and once more in a patient with severe bleeding 
from a peptic ulcer. In the latter the auricular extrasystoles pre- 
ceding the fibrillation were not blocked, which shows that the 
extrasystoles do not always induce fibrillation in the same way. 


Pathogenesis of auricular fibrillation in the present cases. De Boer’s 

experiments. 

The above observations show a strildng agreement with the 
experimental pathology of auricular fibrillation. It is well-known 
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that the Boev (4) could induce ventricular fibrillation in the bled 
rog-heart with a single faradic stimulus, if only the following con- 
ditions were fulfilled: 

1. There must be accessibility to fibrillation. This exists during 
a quite definite time after blood-withdrawal. 

2. The faradic stimulus must be applied immediately after the 
end of the refractory phase of the ventricle. 

Ventricular fibrillation could not only be induced by artificial 
faradic stimulation, but in some experiments a premature stimulus 
originating from the auricle could also produce it. In the atrium of 
the frog-heart, too, De Boer could start fibrillation in the same way. 
For details and theoretic considerations we refer to De Boer’s pub- 
lications. This author already dra'ws an analogy between this 
observations and auricular fibrillation in man, and supposes accele- 
rated sinus activity to be able in some cases to produce fibrillation 
(after severe exertion, in Graves’s disease etc.). . 

It is obvious that these experiments could be made use of in 
giving a partial explanation of the above clinical observations. We 
must assume that during a certain phase of the infectious diseases in 
question the auricular muscle was in a condition which made it 
accessible to fibrillation. When during such a phase supraventricu- 
lar extrasystoles arise, a single premature impulse, arising just after 
the refractory period of tlie atrium, can induce fibrillation. The 
electrocardiographic analysis of the above described case indeed 
show's that in some cases there is a probable connection betw'een 
the degree of prematurity of the auricular stimulus and the inducing 
of fibrillation. 

These considerations, of course, cannot explain the whole course 
of events; particularly it is uncertain w'hether the accessibility to 
fibrilation is a phenomenon correlated wdth the arising of extra- 
systoles, but to these questions only a speculative answer can be 
given. 

It is probable tha t in the above cases there w'as myocarditis in the 
anatomical sense. The first case of leptospirosis, w'hich later showed 
a lengthened a-c-interval, is demonstrative of this condition. The 
myocarditis of Weil’s disease is w'ell-know'n anatomically, which is 
also the case wdth pneumococcal pneumonia. 
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Vcnirimlar fibrillation and sudden cardiac death in the above infec- 
tious diseases. 

Ill concluding, \N’e must ask ourselves, to which extent the 
heart in patients with infectious diseases, who show auricular 
extrasystoles and auricular fibrillation, is also liable to the arising 
of ventricular filirillation, which event ayc knoAV to be far less easily 
provoked than auricular fibrillation. 

In Weil’s disease sudden cardiac death is only too Avell-knoAvn; in 
pneumonia, on the contrary, it is much rarer. Most probably in 
such cases A’^entrlcular fibrillation is the cause. We ourselves ob- 
served such a case of sudden cardiac death in a subject Avith lepto- 
spiralinfection AAliile Ave AA'cre feeling the pulse. Shortly before the 
cardiac arrest it AA'as A'cry irregular. We lacked the opportunity of 
maldng a tracing of this irregularity. Microscopically the licart 
shoAATd focal myocarditis. After this experience Ave ga\’'e patients 
Avith leptospiral infection, as soon as they shoAved extrasystolcs, 
quinidine sulphate, and it Avould be propably right to do the same 
in otlier infectious diseases, Avhen extrasystolcs or fibrillation arise. 
In this connection, hoAVCA^er, aa'c must remark that the Avhole sjm- 
drome in the aboA^e infectious conditions, generally has a good 
prognosis. 


Summary. 

In one patient with leptospiral infection and three AA'ith pneu- 
mococcal pneumonia, supraventricular extras^^stoles AA'cre seen to 
appear, folloAA^ed by periods of auricular fibrillation. By electro- 
cardiographic analysis of one case the fibrillation Avas found to 
begin only Avhen the premature auricular impulses folloAved the 
preceding auricular contractions so rapidly, that they Avere blocked 
at the atrioventricular junction. These observations agree Avith the 
production of experimental A^cntricular fibrillation by one single 
induction discharge or auricular impulse in the bled frog heart 
immediately after the refractory period (De Boer). As there is a 
small chance of A^entricular fibrillation arising in these infective 
diseases, it is probably advisable to give quinidine sulphate Avlicn 
extrasystoles or auricular fibrillation arise. 
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Chef: Professor Dr, G. Bergmark.) 


Studien iiber die Vasodilatatorfunktion bei einem 
Fall von wahrscheinlicher Herdlasion in der 
Medulla oblongata. 

Yon 

RUNAR BRENNING. 

(Bci der Rodaktioii am 21. ,Mai 1912 cingcgangen). 


GcschidlUiches: Trotz umfangreichcr Unlcrsuchungen iiber die 
Dilatation der Hautgefasse ist unsere Kcnnlnis aul dicsem Gcbict 
nocli unsicherimdin vielenPunktensebrliickenliaft. — Sclion 1876 
hat Strieker bei Ticrversuchen festgestellt, dass faradische Reizung 
der liinteren Wurzeln die Hautgefasse in dem entsprechenden 
Hautgebiet erweiterte, ein Effekt, Y^elcher ausbiieb, wenn der peri- 
phere Nerv vorher durchschnitten wurde. Diesc Beobachtung ist 
dann durch zahlreiche Forscher bestatigt worden (Bayliss, 1901, 
u. a.). Foerster (1936) bat beim Menschen konstati.ert, dass bei 
faradischer Rcizung des peripheren Stumpfes durchschnittener 
hinterer Wurzeln die entstehende Hautrotc ihrer Ausbreitung nacli 
im wesentlichen mit dem Gebiet des entsprechenden Schmerzdenna- 
toms zusammenfallt. Dass auch zentrale Dilatationsimpulsc die' 
Hinterwurzeln passieren, haben Bayliss (1902), Fofanov und 
Tschalussov (1913), Hinsey und Gasser (1922), Bishop und Mitar- 
beiter (1933) u. a. nachgewiesen. Ob Vasodilatation durch Impulse 
fiber die vorderen Wurzeln cintreten kann, diirftc noch nicht ganz 
entschieden sein (siehe Bayliss, 1902, Fofanov und Mitarbciter, 
1913). Wahrsclieinlich kommen gleichzeitig mit den aktiven Vasodi- 
latationsimpulsen durch die Hinterwurzeln hemmende impulse 
durch die vorderen Wurzeln an die Yasokonstriktoren vor. Eine 
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lebliaflc. Erorlerung hat sich dariiber entsponnen, ubcr welclie 
Balmen in den Hinterwurzeln die zentralen Dilatationsimpulse ver- 
millolt werden. Bayliss (1901, 1902), welcher keine anderen Bali- 
nen in den Hinterwurzeln als die afferenten, sensiblen mit trop- 
biscJiem Zenlrum in den Spinalganglien kannte, glaubte fcststellen 
zu konnen, dass die Dilatationsimpulse antidrom in den sensiblen 
Neuronen geleitet wcrden. Derselben Ansicht sind Langley (1923) 
und Lewis (1927). Der letzlere stiitzt sich auf die dcrmalen Ver- 
iinderungen bei Herpes zoster. Mit Recht weist 0. Muller (1937) 
darauf liin, dass die Hautsymptome bei dieser Krankheit eben- 
sogut die Folge ciner Reizung anderer als sensibler Elemente in den 
Spinalganglien sein konnen. Ken Kurd und Mitarbeitcr (1927/28) 
bestreilen entschieden das Yorhandensein einer antidromen Lei- 
tung und schreiben »spinalparasympathischcn» Elementen die 
Fortleitung der Dilatationsimpulse zu. Durch verfeinerle histo- 
logische Technik haben diese Forscher feinkalibrige, markhaltige, 
efferente Fasern in den Hinterwurzeln fcststellen konnen, deren 
trophische Zentren in den Vordcrhdrnern sowie im Gebiet gegen 
die Basis der Hinterhorner liegen. Diese Bcobachtungen sind 
u. a. von Gabel (1930) bestatigt worden. Nach Sheehan (zit. 
nach Foerster 1936) soli ein Teil dieser Fasern die Spinal- 
ganglien nichl umgeschaltet passieren, wahrend Ranson und 
AVightman (1922) Umschaltungsbilder soldier Fasern in den 
Spinalganglien beobachtet haben. Hinsey und Gasser (1930) 
nehmen an, dass die Vasodilatation, hervorgerufen durch 
Reizung dorsalcr AYurzeln, ganz und gar durch Nervenfasern ver- 
mittelt wird, welche fiir die C-Wellen im Alctionspotentialbild ver- 
antwortlich sind. Die Leitungsgescbwindigkeit in diesen Fasern be- 
trug ungefahr 2 m je Sek. — Der Streit dariiber, welche peripheren 
Nervenelcmente als A^’ermittler zentraler Dilatationsimpulse zu 
betrachten sind, kann noch nxdit als entschieden angesehen werden, 
wenn auch jetzt die meisten Forscher auf diesem Gebiet, nament- 
lich weil es unw'ahrscheinlich erscheint, dass ein und dieselbe Ner- 
venfaser Impulse in bei den Richtungen vermittelt, zu der Ansicht 
neigen, dass es besonderc Dilatationsbahnen gibt, wobei man in 
erster Linie an das ».spina]parasympatliisclie Systems (Ken Kure) 
denkt. — tiber die zentrale Fortleitung von Dilatationsimpulsen 
vussen wir ausserst wenig. In der Medulla oblongata befindet sich 
ein Vasodilatationszenlrum, und durch Warmereizung der Regio- 
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hypothalamica hat man bei Tierversnchen Enveiterung oberflach- 
lich gelegener Gefasse liervorrufen konnen. Wie von diesen Regio- 
nen die Dilalationsimpulse im zcntralen Nervensystem fortgelei- 
tet werden, ist vollkommen unbekannt. Ein Gegenstiick zur Yaso- 
konstriktorbahn im Riickenmark kennt man fiir vasodilatatori- 
sche Impulse nicht. 

Wie aus dem Gesagten liervorgeht, vdssen wir iiber die Fortlei- 
tung von Dilatationsimpulsen sowohl im zentralen als im periphe- 
ren Nervensystem ziemlicli wenig. 

Eigene Untersuchungen. 

Der folgende Fall, welclier in der hiesigcn Medizinischcn Klinik 
behandelt wiirde, durfte fiir die BcanRvorlung der bier beruhrten 
Fragen von gevassem Intercssc sein: 

G. L., Gescliaflsvorslehcrin, <12 Jahrc all, boliandcll in der Medizi- 
nischen Klinik 19. 10. — 2G. 11. 1941 imler der Diagnose Encephalitis acuta. 
Friihere Krankheilen sind in diosem Zu.sammenhang ohne Inlercsse. Am 
14. 10. 1941 bekam die Paiionlin Scbmipfen. Am 17. 10. begann sic Sleclien 
unler dem linken Fuss und am linken Bein hinauf zu fiihlcn. Als sic sicli am 
18. 10. morgens wusch, bemerkte sic, dass sich das kalle Wasscr am ganzon 
linken Bcin und auck in der linken Lcislc lau anfubllc. — Bei den Unlcr- 
suebungen in der Med. Klinik am 19. 10. wurde Folgendes fesigcsielU; All- 
gemeinzustand nicht beeinlrachligl. Rachenscblcimbaul Icicht gcrolel. 
t)ber der Herzspilzo cin weiches, kurzes, sysloliscbes Gerauscb, Herz- 
grenzen: 10.5 cm -f 3 cm. S. R.: 34 mm nacb 1 Stxmde. Im iibrigen niclils 
von Interesse seitens der inneren Organe. Nervenstatus: Kranialnerven: 
0 , B. Spinalnerven; Molilitiil o. B. Die Sensibililat gegen Sclimerz-imd 
Temperalurreiz untcrlialb der Nabeicbene auf der linken Soilc total auf- 
gelioben. (Die Sensation war immer dicselbe, namlich lau, wenn der linkc 
Fuss in Wasser getaucht uairde, gleichviel wclchc Tomperalur dieses 
hatte, z. B. 10° C und 45° C). Die Bcrulirungssensibilital war nur leiclit 
herabgesetzt. Gesteigerte Kitzlichkcil beim Slreicben dor linken Fusssohlc 
mil einem spitzon Gegenstand. Tide Sensibilitiit o. B. SensibilitiU auf 
der reebten Seile ganz intakt. Funktionen des Kleinbirns und der basalcn 
Ganglien o. B. Blasen- und Rektalfunklioncn o. B, Reflexe; Die Pupillen 
reagieren moglicherweise etwas Irage auf Liclil (die linke viellciclii ctwas 
weiter als die rechte). ))Fremd- und Eigcnreflexo) im iibrigen o. B. Lumbal- 
punklion in liegender Slellung; Initialdruck 13 cm. Queckensledt’s Probe 
0 . B. Freie respiratorische Bewegungen. Liquor: klar, farblos, Pandy; 
pos., Nonne: Spur, Zellen: 128 Mononukleare, 10 Polynukleare sowie 3 
Rote auf 3.2 mm^. W.R. neg. — W. R. (Blut) neg. — Am 20.10. scbwacbos, 
aber deulliches Hornersclies Syndrom auf der reebten Seite. — Auf Gnmd 
des Erkrankens mil kalarrbalischcb Ersebeinungen, der erboblcn Blulsen- 
^ — Ada mcd. scandinaa, Vol. CXI I. 
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Jvunpgcsclnvindigkeil und der Liquoibefundc slelHe man die Diagnose- 
infeklidscr, enlzundlicher Prozess im zentralon Nervensystem, welcherdie 
sensihlen Stdrungen und das Hornerschc Syndrom' hervorgeruren liatte 
Bei einem soichcn Prozess muss man mil dor Mogliclikeit multipier Hercle 
rcclinen, aber andcrerseits kdnnlc die Annahme eines einheillichen Herdes 
sowohl die Scnsibililiilsslorungcn als das Hornersche Syndrom erklaren. 
Diescr Herd wiirde dann in dor lateralcn,' die kaudalen Korper.leile roprasen- 
tierenden Partic dcs Traclus spino-tlialamicus in der reclilen HaKte der 
Idedulla oblongata liegen und bis ztir Peripherie derselben reichen, ^Yo 
die Sympathiciisfasern des rccliten Auges vcrlaufcn. — Anfang November 
begann das Gefdhl im Rnmpfgebiel und in den oberen Tcilen des Ober- 
sclionkols bis zu gowissem Grade ivicderzukebren. Seitdem schritt die 
Bessoning der Sonsibililal in distaler Ricblung wabrend der folgenden 
Zeit fort, so dass bei der Enllassung am 2G. 11. die Sensibilitat gegen 
Sclimcrz- und Kallcrciz nur nocb venig bcrabgesclzl war, die gegen War- 
merciz dagegen olwas meJir (sicJ)d aucb Fig. 1 — 3). Gleicbzeilig mit der 
Bessoning tralen zunebmendeParastbesien in den betroffenen Gebietcn auk 

Da ein klcincr, Iiegrcnzler, recJitsseitigcr Herd in der Medulla 
oblongata, wo die sensiblen Bahnen relativ fiir sich liegen,- wahr- 
scheinlich war, bestand aucb vcvhallnismassig grossc Wahrsdiein- 
lichkcit, dass, wenn die Vasodilalatorbahn wirklich nicht aus sen- 
siblen Lcitungsbabnen, sondern aus besondcren Ncrvenelcmenten 
bestebt, die vasodilalalorischcn Balinen verscliont geblieben waren. 
Unter diescr Voraussetzung ersebien es aussicblsreich, die Frage 
zu cnlschciden, ob zentrale Impulse zu Erwcilcrung der Hautge- 
fassc antidrom in sensiblen odcr durch besondere vasodilalatorische 
Bahnen geben. 

Durch zahlreiche Ticrvcrsuche wissen wir, dass bei einer Erho- 
hung dcr Tempcralur des Gebirns in seiner Gesamtlieit oder getvis- 
ser tvarmeregulalorisch besonders -wiebtiger Tcile desselben, na- 
mcntlich dcr Hypothalamusrcgion, Impulse zu Erweiterung ober- 
flachlich gelegener Gefasse ertcilt werden. Untersuchungen zu 
gleichem Zweek beim Menschen waren mir nicht bekannt. Ich 
maebte indes cinen Versuch, durch Kurzwellenbeliandlung des 
Gebirns Dilatati.onsimpulse hervorzurufen. Dabei warden die Elek- 
iroden zu beiden Seilen des Scliadels der Patienlin in der Weise 
angebracht, dass die Verbindungslinic zwischen den Mitten der 
Elektroden durch die Hypothalamusregion ging. Versuchsbedm- 
gungen im iibrigen: Siemens Kurzwellenapparat, Wellenlange 5.6 
m, Elektrodengrosse 84 mm, maximale Warmeerzeugung ohue 
unangenehme Warmeempfindung im Elektrodenfeld. Die Daucr 
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Fig. 1. 

Vcrsuchsporson: G. L., Fraulcin, 42 Jahrc all. Vcrsvidi am 3. 11. 1941. Sensi- 
bililiit auf dcr xVusscnscitc dcs liukcn Untcrschcnkds: gcgon BcrlUirung ausscr.st 
wcnig lierabgcsclzt, gcgcii Schmerz- und Tcnipcrnliirrciz gnnz niifgcliobcii. 

Axillartcmpcraliir vor K. W. B. 37.0° C, nach dcrsclbcn 30.95° C. 

K. W. B. = Kur/AVcllcnbehandUmg dcs GcbirDs. 

= Haullcmpcralur auf dcr Ausscnscitc dcs liukcn Unlcrscbcnkcls. 

Haullcmpcralur auf dcr Ausscnscitc dcs rccbtcnUntcrschcnkels. 


der Beliandlung bclrug gewdhnlich 15 — ^25 Minulen. Einmal 
musste die Beliandlung vorzcitig abgcbrochcn werdcn, weil Scliwin- 
del auflrat. Als Indikator fiir die Rcaklion der I-ranlgefassc Avurdc 
die Tempcratur auf dcr Ausscnseilc der beidcn Untcrscbenkcl 
benutzt, wcichc mil dafiir bcstimnilcn Prazisionslhcrmomclern 
gemessen -wurdc. Die axillartcmpcraiur nias.s ich vor und nach der 
Kurzwelicnbehandlung. Einc einheillichc Tcndenz war dabci nicht 
zu konstatieren, und die beobachlctcn Veranderungen warcn von 
einer kleineren Grossenordnung als bei den Hauilcmpcralurcn. 
Insgesamt fanden 9 Vcrsuclic zu folgcnden Zeilen slaLL, niimlich 
1941: am 31. 10, 3. 11., 7. 11., 10. 11., 13. 11. und 24. 11. sowie 1942: 
am 2. 2., 9. 2. und 13. 2. ^ 

Bci dcr Untersuchung am 3. 11. 1941 (Fig. 1) bcsland immcr- 
nocli totale Anasthesic gcgen Tempcratur- und Schmcrzrciz und 
eine leiclitc HcrabseLzung des Beruhrung.ssinnes dcr Haul am lin- 
ken Untersclienkel. Wahrcnd die Hautlcmperaiur auf der gcsun- 

1 Die Kurzwclleubchandluug war mil scbr inlcnsivcn ParasUicsien iin lin- 
ken Bein Vcrbunden. Im Anschluss an die KurzAYcllcubchandlungcu erfolgtc 
immer cine sprunghafle Bcsscrung dcr Seiisibilitril: »hatlc cin wenicer ab- 
gestorbencs Gefilhl im Bein». 
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\ersuclispcrson; G. L. Vcrsucli am 24. 11. 1941. Scnsibililal auf der Ausscn- 
seitc dcs linkon Untcrschenkcls; gcgcn BcrOhrung wic vorlicr, gcgen Schmerz- 
und Kaltereiz leichl, gcgen Warmcrciz ctwas mehr hcrabgesclzl. Axillarlcm- 
pcralur % or K. W. 33. 3G.9° C, nach dcrselbcn 37.0° C. (Versnchsbcdingungen im 
Obrigcn und Figtirbezeichnungcn wie in Fig. 1.) 

den Scilc im Anschluss an die Kur/Avellenbeliandlung merklich 
stieg, fehlle eine solche Tendcnz auf der andern Seite ganz. Hicraus 
kann man den Scliluss ziclicn, dass zenlralc Dilatationsimpulse 
dutch Ku^z^vclIenhehandlung des Gehirns ausgelost wurden, und 
dass solchc Impulse niclil durch Beruhrungsbabnen vermiUeU werden, 
da der Beriihrungssinn hei dieser Gelegenlieit so gut wie vdllig 
inlakt war.^ 

Bei dem in Fig. 2 dargeslelltcn Vcrsuch (am 24. II. 1941) war 
die Scnsibilitiil gcgen Schmerz und Kaltereiz gut, jedoch et^v’as 
schlechter als auf der reck ten .Seite, Avahrend das Warmegefuhl 
noch immer etwas melir gestdrt war. Trotz dieser Besscrung der 
Scnsibilitatsverhaltnisse trat keine Anderung der Reaktion gegen 
die Kurzwellenbeliandlung ein, woraus man schliessen kann, dass 
auch die Bahnen fiir Schmerz- und Tempcralurcmpfindungen von der 

A Durch zalilrciche Untersuchungen soAVohl an Tieren aJs an Mcnschen 
konnte restgestcllt Averdon, dass sich besonders bei starkcrer WarmccinAvirkung 
auf die Haul drtlich A'asodiJatalorische Sloffc bilden, die in den ailgemeinen 
Krcislauf Ubergehen (siehe Brenning, 1941). KatUrlich ist anzunehmen, dass 
sich bei der KurzAA’ellenbehandlung in unsern YcTSVchcn eine gCAA'issc Mengc 
solcher Stoffe im Elcklrodenfeld gcbildct hat, aber wegen der AA'cnig intensiA’cn 
Behandlung rtiir in geringerem Grade. Es besteht doch kein Grand zu der An- 
nahme, dass die Gefasse der beiden Seilcn bei Dircktapplikalion solcher vaso- 
dilatatorischer Stoffe A'erschieden reagicren und sich also die Gefasse der 
anaslhelischen Seite refraktar vcrhaltcn AvQrden, Avesiialb auch die ;\^er- 
schiedenheit in dcr Reaklronsart ZAA’ischen den beiden Seiten mit Sicherheit 
als dadurch bedingt anzusehen scin dOrfte, dass keine nerA^osen Dilatationsim- 
pulse nach der linken Seite gelangl sind. 
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Fig. 3. 

Versuchspcrson; G. L* Vcrsucli nin 9. 2. 10-12. ScDsil>i)il«il niif dor Aus- 
scnscilc clcs linkcn Unlcrschcnkcls; gcgen BcrCihrung und WTirnic wic voriicr, 
gcgeii Scluiicrz- und Kallcrciz moglichenvcisc clwas gcbcsscrl. Axillnrlcnipc- 
ratur vor K. W. B. 36. 7" C, nach dcr.sclben 36.6° C. (Vcrsucbsbcdingungcn ini 
ftbrigcn und Figurbczeichmingcn wic in Fig. 1.) 

Haul nicht die Unicrlagc zcnlralcr Dilaialionsimpuhe sind, Nvelchc 
warmeregulatorisclien Zweeken clicnen. Samtliclie Avahrend dcs 
KrankenbausaufcnlhalLs vovgenommenen Ycrsuchc xeigten dic- 
selbe Tenclenz wic die liicr miigelcilten. 

GleicharLige Versuche am 2. 2., 9. 2. sowic am 13. 2. 1942 erga- 
ben, dass die Dilalalorbahn nach dem linlccn Bein in gewissem 
Umfang zu fungicren begonnen hallen. Aus Fig. 3 gclil namlich 
hervor, dass im Anschluss an die Kurz\s’ellcnbchandlung die Tem- 
peratur am linken Untcrsclicnkcl stieg, jcdocli niciit so stark ^Yic auf 
der andern Seite, Bei alien drei Ycrsuchcn wurdc dasselbc Rcsultat 
erhalten. Die Sensibilitalsvcrhallnissc liatten sicli seil der Ent- 
lassung aus dem Krankenhaus Endc November wenig verandert. 
Die Parasiliesien waren weniger ausgesproclien, moglicherweisc 
war die Sensibili.lal gegen Sclimcrz- und Kaltereiz elvas besser gc- 
worden. Das Warmegcfuhl halte sich dagegen sicber niclit gebessert, 
was eine weitere Stiitze dafur ist, dass die Balinen des ^Yarmcgc- 
fiihls keine Dilatationsimpulse leiten, da ja sci.t November 1941 cin 
gewisses Leitungsvermogen der Dilalalorbalmcn wiedergekehrt ist. 

Die gemachten Beobaclitungcn zeigen dcullicli, dass zentrale 
Dilatationsimpulse nach der Haul nicht kings Bahncn vcrlaufcn. 
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welche Empfindungen der Haut vermitteln. Dies ist indes kein 
Beweis gegen die Theorie einer antidromen Leitung in den peri- 
phercn sensiblen Neuronen, da es denkbar ist, dass Dilatationsim- 
pulse diesen auf anderen Bahnen im Riickenmark zugeleitet wer- 
den konnen als auf den Empfindungsbahnen. 


Zusammenfassung. 

Der Verfasser beschreibt einen Fall mit anfangs totaler Ana- 
stliesie gegen Scbmerz- und Temperaturreiz sowie leichter Hypastbe- 
sie gegen Beriihrung der Haut unterhalb der Nabelebene auf der 
bnken Seite, aber mit allmahlich zuriickgebenden Sensibilitatssto- 
rungen. Auf Grund wiederholter vorgenommener Messungen der 
Hauttemperaturen auf der Aussenseite der beiden Unterschenkel im 
Zusammenliang mit Kurzwellenbehandlung des Gehirns werden 
folgende Schliisse gezogen: 

1) Bei Erhohung der Temperatur des Gehirns treten zentrale 
Dilatationsimpulse an die Gefasse der Haut auf. 

2) Diese verlaufen nicht langs den Nervenbahnen, welche Im- 
pulse zu Scbmerz-, Temperatur- oder Beruhrungsempfindungen in 
der Haut vermitteln. 
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On chronic Thyroiditis, Riedel’s Struma, »Hashi- 
moto’s Struma», and Lymphadenoid goiter, 

with Report of a Case of Chronic Thyroiditis. 

By 

KNUD LUNDB^K. 

(Submitted for publication June 5, 1942). 


Classification of the diseases of the thyroid has always been rat- 
her troublesome. This applies not least to the group of affections 
that have been designated as chronic thyroiditis, Riedel’s struma, 
Hashimoto’s struma and lymphadenoid goiter. It is still a subject 
of discussion whether these forms of thyroid disease ought to be 
maintained as nosographic unities per se or whether two or more 
of them might be identical lesions. This uncertainty is probably 
due primarily to the relative infrequency of the affections making it 
rather difficult to collect a fairly large material of obscr\mtions for 
comparison. Another confusing factor is the vagueness and vari- 
abihty with which these concepts often are defined, as a rule with- 
out paying any particular attention to the original descriptions. 

In the following, a case of chronic thyroiditis will be reported, 
and the case history will be followed by a review of the literature 
relevant to the above-mentioned four pathological unities — in 
tlie hope that this may contribute to the nosographic elucidation of 
these unities and their mutual relation. 



56 


KNUD DUNDB;EK. 


Case History. 

Tlie patient is a married woman, 41 years old with a negative family 
liistory as to disease of the thyroid. She gives a past liistory of good health 
normal menstruation, one normal parturition 20 years ago and no abortion' 
She has liad no climacteric symptoms. Slie has always been very obese, and 
her weight has remained unclianged through many years. 

Present Illness. About half a year ago a swelling began to develop in the 
anterior aspect of the neck. It increased gradually in size and inconvenien- 
ced the patient by giving a sensation of pressure, and she »felt as if she had 
to swallow all the time». She was no longer able to lie on her back while 
sleeping. Apart from this, she had no complaints; in particular there were 
no symptoms of hyperthj'roidism at any time; no fever or loss of weight. 
The other functions have been normal. 

Physical Examination: Marked obesity (about CO % overweight). She 
gives no impression of hyper- or hypothyroidism. The thyroid is modera- 
tely enlarged. This enlargement involves the entire gland, but the right 
lobe somewhat more than the left. The consistencj’’ of the thyroid is uni- 
form, rather firm and hard, but far from the hardness of iron or wood. The 
surface is smooth and the skin is not adherent anywhere. On palpation the 
thyroid is slightly lender. No murmur. Circumference of the neck: 42 cm. 

No other abnormalities revealed, especially not on examination of the 
skin, eyes and heart. 

Various Examinations; Temperature normal (measured daily for 2 
weeks). Urine: No pathological elements. Hemoglobin: 92 %. Red blood 
count; 4.45 million. Color index: 0.97. While blood count 9400. Icterus 
index; 5. Sedimentation rate: 12 mm/Ihr. Differential count: Staff nuc- 
lear neutrophils 6.5 %; segment nuclcars G2.5 %; eosinophils 0; basophils 
0; monocytes 5.5 %; lymphocytes 25.5 %. Serum Ca: 10.7 mg %. Serum 
. P:3.94mg%. Phosphatase: 59 Vermehren units. Wassermann negative. 
Basal metabolism: 95 — 99 — 98 %. Glucose tolerance test (1 g per lig): Fast- 
ingvalue 88 mg %, increased to 149rag %, fall to fasting value in two hours. 
Hormonal analysis: <( 30 R. U. of gonadotropin; <C 20 M. U. of estrin. 
Electrocardiography: No abnormality. X-ray exam, of the trachea: 
Dislocation of the trachea to the right and slight compression. X-ray exam, 
of the heart, sella turcica and vertebral column; No abnormality. 

Course and Treatment. For two months no treatment was given, in order 
to see if a spontaneous remission would take place. During this period, 
however, the goiter became somewhat harder, and the complaints persisted 
unchanged. 

Biopsy (with a searcher) was performed on the goiter. 

Histological Examination (F. 5059/41): [fig. 1]. 

The specimen shows an extraordinarily marked development of the 
stroma at the expense of the follicles. In many areas this stroma reminds 
of granulation tissue, with new-formation of tiny capillaries with inter- 
mediate accumulation of cells. A great many of these cells are plasma cells, 
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Fig. 1. Section from Biopsy of the thyroid. 

which in some places stamp the picture in higli degree; oilier cells arc more 
or less mature lymphocytes, scattered rcliculo cells and a few leucocylos. 
This loose tissue appears on the whole to be of inflammatory nature. In ad- 
dition there are a few, rather coai-se, streaks of connective tissue with 
plasma cells scattered here and there. 

The follicles appear to he atrophic and arc seen only here and there in 
the stroma, sometimes merely as small strands of epithelial cells, sometimes 
with distinct but small and irregular lumina, which contain no colloid hut 
sometimes detached epithelial cells. In these places the epithelium is cuboi- 
dal, with rather large nuclei, here and there vesicular and irregular. In 
some places the cytoplasm of the cells has absorbed a good deal of eosin in 
the stain, undoubtedly a sign of degeneration. 

Histological Diagnosis: Chronic thyroiditis (DRiedel’s struma, plasmo- 
cy tic forms). 

(Signed) Fridtjof Bang. 

In keeping with previous experiences concerning diminution of chronic 
thyroiditis goiter after superficial surgical measures, no treatment was 
given during the following month in expectation of a possible remission. As 
the goiter kept unchanged, however, and the complaints persisted, X-ray 
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treatment was instituted 100 r x 6. Immediately after the X-ray treat- 
ment the goiter felt softer but the size was not diminished. Circumference 
of the neck 42 cm. 

• ■ Three weeks after the X-ray treatment the patient was reexamined. 
Now the thyroid was barely palpable, and its consistency normal. Circum- 
ference of the neck 40 cm. The annoying sensation of pressure had dis- 
appeared completelj’- and the patient was feeling well. 

Various examinations: Hemoglobin; 76 %. Red blood count: 3.5 mil- 
lion. Color index: 1.03. White blood count; 2600. Sedimentation rate: 
16 mm/1 hr. Differential count: Myelocytes 1 %; staff nuclear neutrophils 
4 %; segment nuclears 64 %; eosinophils 1 %; basophils 0.5 %; monocytes 
7 %; lymphocytes 22.5 %. Basal metabolism; 81 — 82 %. Glucose tole- 
rance test: Fasting value 84 mg %, increased ro 173 mg %, fall to fasting 
level in two hours. 

Reexamination, 3 months after X-ray treatment: Feeling perfectly well. 
The thyroid appears normal. Basal metabolism; 103 — 93 %.• Hemoglobin; 
95 %: White blood count: 12,100. Differential count; normal. During the 
temporary decrease in metabolism the patient has gained 3 kg in weight. 

Epicrisis: In a woman, aged 41, with a past history of good 
liealth, a hard non-toxic goiter developed tliat inconvenienced her 
merely by pressure symptoms. Ordinaty physical examination 
revealed no abnormality except the goiter. X-ray examination 
showed a slight displacement and compression of the trachea. 
Laboratory examinations revealed no abnormality; in particular, 
the basal metabolism was found to be normal. Biopsy showed 
chronic thyroiditis. Her condition remained practically unchanged 
during two months’ expectation. 

After X-ray treatment the goiter and inconvenient symptoms 
disappeared. Now she is feehng perfectly well. The metaliohsm was 
temporarily lowered a, little; now it is normal. 


Discussion. 

The case here reported shows the histological picture of chronic 
thyroiditis. As suggested already, however, it is identical with the 
condition which in the literature is often designated as the »plasmo- 
cytic form of Riedel’s struma». Other authors have described a 
similar histological picture under the designation Hashimoto s 
struma or lymphadenoid goiter. 

This fact naturally raises the question, which in recent years 
has been discussed ardently: the relation between chronic thyfoi- 
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ditis and the peculiar rare conditions in the thyroid that have been 
designated as Riedel’s struma, Hashimoto’s struma and Williamson 
& Pearse’s lymphadenoid goiter. This problem might seem to have 
been discussed sufficiently — from Denmark no less than 3 papers 
are published on this subject (Lund, 1935 36j Braindstrup, 1938, 
Hertz, 1940) — but on going through the accessible literature there 
appears to be good reason for trying to elucidate this rather intri- 
cate question. 

At the present an ardent discussion is being carried on in Ame- 
rican journals about whether Riedel’s struma and Hashimoto’s 
are identical. Most often Hashimoto’s struma is identified rs'ith the 
lymphadenoid goiter originally described by Williamson & Pearse, 
Here an attempt will be made through a historical review' to demon- 
strate: 1) that Riedel’s struma is merely a macroscopic clinical 
picture that presumably most often covers the histological picture 
of chronic thyroiditis; 2) that the goiter described by Hashimoto 
is a histological picture that cannot be differentiated from that of 
chronic thyroiditis; and 3) that the lymphadenoid goiter originally 
described by Williamson & Pearse histologically differs from Hashi- 
moto’s struma — that is, from chronic thyroiditis — and that it is 
reasonable to maintain lymphadenoid goiter as a separate concept. 

In a short paper read before the German Surgical Society .in 
1896, Riedel described 2 cases of ))Chronische, zur Bildung eisen- 
harter Tumoren fiihrenden Entziindungen der Schnddruse». In the 
course of 12 years, among 300 goiter operations, he had encountered 
tw'o cases in which the struma was )>eisenhart», so that it. was sug- 
gestive of mahgnancy; it was operable only with great difficulty, 
OAving to a peculiar ingrowth of the goiter in the surrounding tissue, 
in between muscles and blood vessels. The patients AA'cre inconve- 
nienced merely by pressure symptoms. It is to be mentioned that 
Avith regard to the expression ))eisenhart», he says himself that this 
perhaps Avas somewhat exaggerated. The histological description 
of sections from the specimens removed at the operation is very brief: 
». . . ZAAOschen normales Schilddrusengewebe eingesprengt Anhau- 
fungen von Rundzellen, Avodurch jenes mehr oder AA'eniger destruirt 
ist. Man ahnt bei der Betrachtung des Prseparats nicht wie hart die 
Geschwulst ist; man erAvarter derbes. fibroses Gewebe als Konsti- 

^ens des Tumors, sieht aber, wie gesagt, lediglich eingelagerte 
Rundzellen.* 
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This report is illustrated hy two drawings after sections. One 
sliows a marked round-cell infiltration, the other appears to show 
a good deal of fibrous connective tissue; but the drawings are so 
poor that nothing definite may be said about them. It is to be 
noted that in this first description it is mentioned explicitly that no 
connective tissue proliferation was seen — especially because, later 
on, the chief importance appears to have been attached to the 
sclerosis. Next year, in 1897, Riedel demonstrated a new case of this 
kind before the same society. As to histological findings the report 
merely says that the specimen consists of »Spindel- und Rund- 
zelleu)). In 1910 he again referred to the last-mentioned case but 
now' he added »Auffallcnd ist die rasche Entwicklung von jungen 
bindegcw'cbe.)) 

After this it is evident that the condition described by Riedel 
primarily is a clinical unity characterized by 1) a very hard goiter, 
2) marked ingrow'th of the goiter betw’een the adjacent structures, 
and 3) a benign course. Histologically, the condition does not 
from Riedel’s description appear as any well-characterized unity. 

This morbid condition has to be looked upon as very rare, for 
many of the cases reported in the literature as Riedel’s stiumaliave 
not shown the characteristic ingrowth in the adjacent structures, 
and such an experienced goiter surgeon as dc Quervain has evidently 
encountered only one case of this kind (de Quervain & Giordanengo, 
1935—37). 

In 1912 Hashimoto described 4 cases of sstruma lymphoma- 
tosa». The patient had been incoiiA'enienced by a hard struma for a 
few' months. There were no symptoms of dj'sthyroidism, no fever. 
Histologically the specimens show'cd marked proliferation of the 
connective tissue that was stud.d.cd w'ith lymphocytes and plasma 
cells; in addition there w'ere numerous »germ-centers». This picture 
NS'as taken by Hashimoto as a disease sui generis, differing from 
Riedel’s struma and chronic thyroiditis. As a differential diagnos- 
tic criterion with regard to clironic thyroiditis, the author stated 
that fever had ahvays been absent in his cases, and histologically 
the specimens shewed no giant-cells. As to differentiation from 
Riedel’s struma he stated that in his cases the goiter w'as hard but 
not »eisenhart»; besides, »germ-centers)) had not been described m 
Riedel’s struma. Apart from this he found no histological differ- 
ence between the two conditions. FVom Hashimoto’s paper it is 
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evident that the author wanted primarily to set up the condition as 
a histological unity. 

ThyroiMis has long been known as a concept, but only in the 
last generation has it been taken up for more thorough study. 
In 1895 Mygind described as the first the clinical picture of acute 
simple thyroiditis. In a larger work of 1904 de Quervain described 
a similar case and added hereto the histological picture of the lesion 
and a review of the literature concerning this disease. In his case 
it was an acute febrile disease with enlargement of the thyroid, pain 
and tenderness. Histologically he found epithelial desquamation, 
loss of . colloid, polynuclear leucocytes, proliferation of the connec- 
tive tissue, infiltration with lymphocytes and plasma cells, and 
less frequently ))germ-centers». He further found some peculiar 
foreign bod}^ giant-cells round the remnants of colloid. 

Chronic ibyroidilis was first described thoroughly in the compre- 
hensive studies by Reist (1922) and Simmonds (1923). Histologic- 
ally these authors found infiltration with lymphocytes and plasma 
cells, occasional ))germ-cenlers)>, besides proliferation of the connec- 
tive tissue and degeneration of the glandular cells; in some cases also 
giant-cells. ^ Reist discusses the relation between chronic thyroidi- 
tis and Hashimoto’s and Riedel’s struma, emphasizing tliat tlieie 
is no reason to diffelenliate Hashimoto’s struma from chronic thy- 
roiditis, as the most important criterion, the )>germ-centcrs» indeed 
are present in many other cases in which the lesion undoubtedly has 
been chronic thyroiditis. Considering Hashimoto’s cases and those 
described by Reist and by Simmonds, the only difference apjiears 
indeed to lie in the emphasis laid by Hashimoto on the finding of 
the »germ-centers». Actually the histological pictures described by 
these authors are alike. The same point of view is set up by Wegelin 
(1926). It is to be mentioned, too, that the clinical difference em- 
phasized by Hashimoto — namely, that fever was absent in his 
cases — does not necessitate any differentiation of Hashimoto’s 
struma from chronic thyroiditis, as the latter often takes a course 
without any elevation of the temperature (de Quervain & Giorda- 
nengo, 1935 — 37). 


goiter described by GrOn- 
berg (1926) and by Hertz (1940) is to be reckoned as a form of chronic thyroidi- 
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As to the differential diagnosis between chronic thyroiditis and 
Riedel s struma, Rcist thinks there is no reason to maintain the 
latter as a disease per se, as it presumably always involves a pro- 
nounced degree of chronic thyroiditis. This view is further suggested 
by the fact that clironic thyroiditis presents various degrees of 
hardness, and that even the peculiar phenomenon, in^owth into the 
surrounding tissues, is found also in ordinary thjToiditis though in a 
lesser degree (de Quervain & Giordanengo). In this connection, 
however, it is to be pointed out that presumably the clinical Riedel 
struma need not always be due to a chronic thyroiditis. This is 
suggested by a case reported by Brrendstrup (1938). For about 1 y, 
years this patient had showed signs of exophthalmic goiter, and 
then the struma became hard and immobile. Microscopic examina- 
tion of the specimen showed a ver^' marked proliferation of con- 
nective tissue but also signs of proliferation of the remaining parts 
of the glandular tissue of the same character as seen in exophthal- 
mic goiter. In view of the histological studies reported by Bastenie 
(1934 — 35) on old ))extinct» exophthalmic goiters, the features of 
which were quite the same as those observed by Br®ndstrup, it is 
reasonable to assume that in Brsendstrup’s case it has been such an 
»extinct)> exophtlialmic goiter that for some reason or other has 
developed into a very" hard struma of Riedel’s type. It seems justi- 
fied, therefore, to maintain the concept sRiedel’s struma» exclusi- 
vely as a clinical designation of a veiy^ liard goiter with tendency to 
infiltrative growth between the adjacent structures and a benign 
course, independent of the histological character. This is the 
more reasonable as Riedel’s original description of this condition was 
an entirely clinical account without any precise details of the histo- 
logical features. Presumably a chronic inflammatory process is the 
underl 3 dng factor in most cases of Riedel’s struma. A similar point 
of view' w'as advanced bj' de Quervain & Giordanengo, (1935 3/) 
even though these authors speak of a »Riedel struma in the stricter 
sense, the histological picture of wdiich is not known in detail». , 
While thus the problem concerning Hashimoto’s struma and, in 
part, Riedel’s struma, too, appeared to have been elucidated, a 
new confusion arose when Ewdng in 1928, in the 3’ edition of his 
»Neoplastic Diseases)), advanced the view that Hashimoto's struma 
and Riedel’s struma reaUy were two different stages of the same 
pathological unity sui generis. This assertion is repeated in the 
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subsequent editions of Ewing’s work and appears to imve been 
tlie cause of the standing controversy, especially in America, about 
the identity of the two concepts. According to the above, it seems 
unreasonable to discuss whether or not the conditions described by 
Hashimoto and Riedel represent the same lesion. As evidently the 
goiter described by Hashimoto and most instances of Riedel’s struma 
probably involve a condition of chronic thyroiditis, the assertion that 
it may be a question of two phases of the same process does not 
really require any proof. The argument advanced, among others, 
by Ewing, that Hashinioto’s struma may turn hito Riedel’s struma, 
seems obvious, but it by no means proves that every instance of 
chronic thyroiditis (i. c., including Hashimoto’s struma) terminates 
in the state resembling Riedel’s struma. 

When, nevertheless, this discussion is still kept up, it seems, 
to be due to the peculiar fact that unnoticeably, in the course of 
time, the two concepts have been modified so that now tliey repre- 
sent respectively a goiter with an intense lymphocyte infiltration 
and slight or no proliferation of connective tissue, and a goiter 
with marked proliferation of connective tissue but slight lympho- 
cyte infiltration. This development of the concepts is connected 
with the peculiar fate which Hashimoto’s struma has undergone, 
and the confusion resulting in particular from mingling his condi- 
tions with Williamson & Pearse’s, lymphadenoid goiter. 

With exception of the cases briefly mentioned bj^ Ewing in 
1928, no new case of Hashimoto’s struma was reported between 
1912 and 1931. In 1929, however, Williamson Sc Pearse described a 
lymphadenoid goiter characterized exclusively by the marked ac- 
cumulation of lymphocytes with suppression of the normal glan- 
dular tissue. No mention was made of »gcrm-centersi>. The authors 
thought that this condition terminated in a fibrosis of the type seen 
in Riedel’s struma. In 1932 the same affection was described 
thoroughly by Joll in his comprehensive monograpli on diseases of 
the thyroid, but he does not think that lymphadenoid goiter goes on 
to a fibrous Riedel-like struma. Neither Williamson & Pearse nor 
JoII mention Hashimoto’s work, and it is obvious indeed that tlicir 
histological pictures have differed essentially from the clironic 
thyroiditis described by Hashimoto with its combination of mark- 
ed prolieration of connective tissue and lymphocytic infiltration. 

In 1931 the first more recent descriptions were given of cases 
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diagnosed as Hashimoto’s struma (Graham 1931; ' Graham & 
McCuIlagh 1931). In these cases, it is true, the histological features 
of llie lesion appear to he identical with those described originally by 
Hashimoto. But Graham (1940) has since reported some addi- 
tional cases of sHashimoto’s struma», among which there are both 
Hashimoto-resembling pictures (chronic thyroiditis) and cases of 
tj^pical lymphadenoid goiter as described by Williamson & Pearse 
and by Joll. 

Howard (1934), McClintock & Wright (1937), Hellwig (1938), 
Lehman (1940) employ the terms Hashihioto’s struma and lympha- 
denoid goiter as synonymous designations of a histological picture 
, with marked lymphocytic infiltration and ))germ-centers», with slight 
or no connective tissue proliferation, i. e., a picture resembling the 
one described originally by Williamson & Pearse, whereas it has 
nothing in common with the goiter described by Hashimoto. 

Thus there appears actually to have arisen an entirely new histo- 
logical unity characterized by an enormous accumulation of lympho- 
cytes that almost completely suppresses the normal glandular 
tissue and has a tendency to form sgerm-centers)). It seems natural 
to designate this unity as stymphadenoid goiter» — a term prevail- 
ing in the English literature — although the authors of this term, 
Williamson & Pearse, did not describe any sgerm-centers)) in their 
case. Whether this form of struma be identical with or related to 
Hashimoto’s and Riedel’s struma — i. e., with chronic thyroiditis — 
can hardly be settled conclusively yet. hlost of the arguments 
presented in the American literature apply to a variegated group 
of histological pictures and, as pointed out by Hertz (1940) they 
do not prove very much. For the present, however, it seems reason- 
able to maintain the lymphadenoid goiter as a special pathological 
unity as distinct from chronic thyroiditis. 

For one thing, as mentioned, the histological picture differs in 
the two conditions. Chronic tliyroiditis is characterized l)y proli- 
feration of the cell-rich connective tissue, new-formation of capil- 
laries, degeneration of tlie glandular tissue, accumulations of 
lymphocytes and plasma cells, wdth occasional ))genn-centers» and 
occurrence of foreign body giant-cells, whereas lymphadenoid 
goiter shows an almost complete substitution of the normal tissue 
2}y lymphoid tissue with a tendency to the formation of »germ- 
-centers)) ivUhoui any inflammatory features. Undoubtedly there 
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are atypical cases in which it may be difficult to decide whether one 
is dealing with one or the other of these pictures, but in most cases 
the particular character of the lymphadenoid goiter will be conspi- 
cuous. In his description of sucli a case de Quervain (1935 37) 
says that here »tritt der Ersatz des Schilddriisengewebes durch 
lymphadenoides Gewebe, vielfach mit Keimzentren, derart in den 
Yordergrund, dass eine Verwechscluug mit anderen Formen von 
clironischer Thyreoiditis Icaum dcnkbar ist, selbst wenn dieselben 
verhaltnissmassig reichlich Lymphozyten und selbst Lymph- 
knoten enthalten soil ten ». 

Furthermore, certain observations suggest the maintenance 
of l 3 fmphadenoid goiter as a concept sid generis. Hellwig (1938) 
has reported an instance of such a goiter that was treated surgically 
twice, at an interval of 9 years, and both times presented quite the 
same histological picture; marked lymphocytic infiltration with 
»germ-centers)), and no connective tissue proliferation. Another 
observation, the significance of which is still obscure, is the case 
of clinical Addisson’s disease reported by Shaw & Smith (1925) in 
which the postmortem examination showed marked lymphocytic 
infiltration together with ))germ-centers» in the thyroid and quite 
the same features in the suprarenals. 

The nature of the pathological process in lymphadenoid goiter 
cannot yet be stated with certainty, but from the histological fea- 
tures it seems more likely to be a particular hyperplasia of the 
lymphoid tissue. The extensive studies reported by Simmonds 
(1911, 1913) on more than a thousand normal thyroid glands showed 
that scattered streaks and accumulations of Ijmiplmid tissue occur 
normally in about 5 % of normal persons. In this respect the two 
sexes differ distinctl}^ the occurrence of the Ijmiphoid tissue being 
about four times more frequent in w'omen than in men. Strange 
to say, the frequency of this feature increases with the age, and in 
women over 30 years it is about 30 %. 

Accordingly it seems reasonable to imagine that, in certain 
cases of persons whose thyroid contains Ijonphoid tissue, for some 
unknown reasons this tissue may undergo a marked hjqicrplasia 
leading on to the formation of the histological picture characteristic 
of lymphadenoid goiter. In keeping with this idea, indeed, Ijmipli- 
adenoid goiter appears to have been encountered only in middle- 
aged or old women (Joll, 1932). 

^ — -^cla mcd. scandinav. Vol. CXII. 
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Summary. 


1. Description is given ot a case of chronic thyroiditis. It is 
pointed out that such features as encountered here, often in the 
literature are designated as the »plasmocytic form of Riedel’s 
strumas, Hasliimoto’s struma or lymphadenoid goiter. 

2. A historical account is given of the relation between William- 
son & Pearse’s lymphadenoid goiter, chronic thyroiditis, Hashimoto’s 
struma and Riedel’s struma. From this review it is evident that 
Riedel’s struma is an entirety macroscopic-clinical concept; a very 
hard goiter vdth ingrowth into the adjacent structures and a benign 
course. IMost often it is due to a chronic thyroiditis, but it may 
also occur in »extinct» exophthalmic goiter. The struma described by 
Hashimoto is essentially a histological unity that cannot be differen- 
tiated from the picture of chronic thjToiditis, and hence it seems 
unreasonable to maintain a special »Hashimoto strumao. Nor can 
the Dplasmocytic form of Riedel’s struma# be differentiated from 
chronic thyroiditis. 

3. The struma described by Hashimoto (chronic thyroiditis) 
is often confused with lymphadenoid goiter originally described by 
Wilh'amson & Pearse, This is unjustifiable as from the histological 
picture of the affection and certain obser\’ations of such cases it 
seems natural to maintain the tymphadenoid goiter as a concept 
sui generis, distinct from that of chronic thjToiditis. 

4. So the highly disputed question about the identity of Riedel’s 
struma and Hashimoto’s striuna cannot be answered in the form 
in which it usualty is raised. Riedel’s struma and the goiter de- 
scribed b}^ Hashimoto are identical insofar as they generally both 
involve chronic thyroiditis, but it is only in certain cases that chronic 
thyroiditis terminates in the entirely clinical picture described by 
Riedel. Lymphadenoid goiter which in the literature is often erro- 
neously designated as »Hashimoto’s goiters, is not identical wth 


Riedel’s struma, as it is no chronic thyroiditis, 

5. The etiolog}" and pathogenesis of lymphadenoid goiter are 
stiU obscure, but the writer finds it most likely to involve a hyper- 


plasia of the lymphoid tissue present ir the thyroid of some indi- 
viduals, especially elderly Avomen. 
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The experimental studies which in the last 10 — 15 years have 
thro-stm some new light on the pathogenesis of arterial hypertension 
were largely carried out on animals by compression of the renal 
artery itself. From pathologic-anatomical studies we know that in 
sclerosis of the kidney and in the later stages of essential hyper- 
tension, the same effect — ischemia of the Iddney parenchyma — is 
brought about by hy^alinjzation and narrowing of the arterioles 
and glomerular capillaries. Between these two sizes of blood vessels 
the interlobar and arciform arteries occupy an intermediate position, 
but their role in this connection has attracted but relatively slight 
attention. Cases of periarteritis nodosa of these blood vessels have 
been described, in which the vascular lesion has been followed by 
hypertension; and these vessels may^ also be the site of arteriosclero- 
sis as a part of a universal lesion of this kind. As far as we have 
been able to ascertain, however, solitary endarteritis obliterans of 
these arteries, accompanied by hypertension and with completely 
normal findings in the blood vessels proximal and distal to these 
arteries has been reported in the literature oul}^ once before [Leiter 
(14)]. 
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In the folloAving an account will be given of some cases of arterial 
hypertension with cerebral complications, in which the underlying 
renal ischemia was due to such an obliterating endarteritis. The 
etiology of this lesion cannot yet be looked upon as fully established, 
but from the evidence liere presented it seems reasonable at present 
to reckon that the lesion is brought about by intensiv'c salvarsan 
treatment of a relatively fresh syphilis. 


Case Histories. 


Cose 1 . 

This patient (W. N.) was a workman, aged 30, who gave a pa.sl history 
of good Iiealth; in particular, ho had never presented symptoms of any kid- 
ney lesion. 

The date for his infection with syphilis is unknown, but Wassermann 
reaction in 1929 and 1930 was negative. In January 1939 an accidental 
Wassermann test gave a positive reaction; -f 12. In April — June ami in 
August— -October 1939 the patient was under treatment in the Derinnlolo- 
gical Dcp. of the Rigshospilal, where he was given neosulvarsau and bis- 
inutli in tiie usual doses. The last dose was followed by a pronounced .sal- 
varsan exanthema. In April — May 1910, therefore, the trealmunl was con- 
tinued with mapharside and bisnudh. 

About January 19 10 the patient fell tired and poorly and under the last 
series of treatment he often complained of headache, diriiness and insom- 
nia. On 30/5 — 10 lie had an epileptiform attack of convulsions in the street 
and was admitted to the Psychiatric Dcp. of the Rigshospilal, where ho 
had several attacks of tonic-clonic convulsions during the following days. 
He was transferred to the Medical Dcp. (B) of the Rigshospilal, on 7/G, 
and here the convulsive attacks continued. lie became increasingly drowsy, 
and universal small Iwitchings appeared, followed by a bilateral abducens 
paralysis; and the patient died on 27/0 with lliu clinical features of true 
uremia. 


Of examinations performed in the various departments where the pati- 
ent was under treatment, the following are to be inenlioned; 

TFassrrmann reaction, in April 1939: d- 12; August 1939: -}-S; April 1910; 
nog.; June 19.10; -p i. 

Urine, several analyses during the anlisyphililic Irealinent in 1939 and 
‘10, last in April 1910; Ho proteinuria, la llie Psychiatric Dep. and, later, 
in the Medical Dep., the urine contained a large amount of albumin (Es- 
bacli: 2—11 o/„,), several hyaline casts, but only an insignificant amount of 
blood {sedimentation count; 1.3— 1.4 million rod blood cells) 

Blood urea: On admission, normal (20 mg %), and it stayed normal until 
silorijy before death, when it rose to 296 mg %. 

Blood pressure; On a single measuring, in June 1939 (i. e., 1 year before 
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the onset of the present illness) the blood pressure was increased (170/80). 
On admission to the Psychiatric Dcp. in 1940, the systolic pressure was 
200 230, the diastolic 100 — IGO, at which level it remained until death. 

Lnmhar puncture revealed an increased pressure, respectively 460 and 
520 mm before evacuation of spinal fluid. The albumin and globulin values 
were normal; cell count: 2. Wassermann negative. 

Eye examination on 1/G show'ed no evidence of stasis but a slight haziness 
of the eyeground, small hemorrhages and thin arteries. On 8/6 there was 
bilatez'al choked disk (2 diopters) with small hemorrhages into the papillary 
tissue, besides amotion of the retina, temporally on the left side. 

Blood examination, blood sugar determination, roentgenography of the 
heart, lungs, skull and bones, and hormonal analysis presented nothing of 
interest. 

Intravenous pyelography: No excretion. 

Treatment: Tlie patient was treated with glucose, Carlsbad salt and 
morphine. 

Autopsy showed scattered small hemorrhages in the brain, slight focal 
thickening of the intima of the aorta, and no other abnormalities outside 
the kidneys. 

Examination of the kidneys, see below. 

Case 2. 

The patient (S. S.) was a workman, aged 27, who gave a past history of 
good health; in particular ho had never had any symptoms of any kidney 
lesion. 

In August 1940 the presence of syphilis w'as ascertained, and on 31/8 — 40 
the patient presented remnants of a primary lesion, universal adenitis, 
papules on the genitals, in the scalp and in the mouth. He was under treat- 
ment in the Dermatologic Dep. of the Rigshospital in September — ^Novem- 
ber 1940 and in March-June 1941, rvbere be was given neosalvarsan and 
bismuth in the usual doses. The first serie of neosalvarsan as injections 
was followed by slight dermatitis. 

About 1/8 — 41 the patient felt ill, complaining of tiredness, headache, 
nausea, vomiting and pain over the loins. On 2/9 — 41 he had a con\'uIsive 
attack for which he was admitted to the Psychiatric Dep. of the Kommune- 
hospital, where, on the same day he had several attacks of tonic and clonic 
spasms. On 3/9 he was transferred to Dep. VII (medical) wdiere he had 
several attacks of clonic spasms during the following days. He was drows) 
and distant, with slight oedema of the face. 

As the con\mlsions continued and the blood pressure kept increase , 
and as his condition looked desperate, on 7/9 he w’as transferred to Dep. 
(surgical), where decapsulation of the kidneys was performed. The course of 
the operation w'as uncomplicated, but on the following day the patient was 
worse, with rising temperature and falling blood pressure, and he died one 
day after the operation. 

In Dep. VII the patient W'as treated with venesection, glucose, lumbar 
puncture and morphine. 
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Neurological examination showed a positive Babinski on the right side, 
absence of p°atellar reflexes, but no other abnormalities. 

Of special examinations the following are to be mentioned: 

Wassermann reaction, 5/9 — 40: +12; 11/3 — 41 and 4/9 41: negative. 

Urine: in August 1940 and March 1941, no albuminuria. 5/9—41: 
+ albumin (Esbach 8 °Ioo)- Microscopy, 5/9 — 40: A few granular and hyaline 
casts, besides a few red blood cells and some leucocytes. 

Blood urea slightly increi^ed (76—81 mg %). 

Serum proteins showed a moderate decrease (6, 5,/ and 5 /o)» 

Serinn c/i/on'ne lowered (290 mg %). 

Blood pressure: On admission, 210/160; later, 190/150. 

Lumbar puncture, 5/9: Albumin 25, globulin 1, cell count 1, Wasser- 
mann negative; pressure before evacuation: 600 mm. On 6/9: Albumin 17, 
globulin 0, cell count 1. 

Bicarbonate concentration, blood and spinal jluid sugar, hemoglobin per- 
cent and sedimentation rate: No abnormality. 

Eye examination on 2/9 and 5/9 showed slight haziness and prominence 
of the papilla, normal ai’terial calibers, but greatly dilated veins, small 
hemorrhages, and considerable oedema of the retina. 

Autopsy revealed oedema of the brain but no other definite macro- 
scopic changes. Microscopic examination showed a slight perivascular accu- 
mulation of blood pigment in a few areas, but otherwise no pathological 
changes. 

Examination of the kidneys, see below. 


Case 34 


The patient (R. J.) was a butcher, aged 22 who gave a past history 
of good health except a hemorrhage from the kidneys, of brief duration, in 
1937, ndiich subsided spontaneously and was regarded as a sign of renal 
calculus. 

In November 1940, the patient was infected with syphilis. In January- 
April 1941 he was treated with neosalvarsan and bismuth, and the bismuth 
treatment was repeated in July 1941. The first series of treatment was 
associated with an exanthema and Avas later followed by slight hepa- 
titis. 

In June 1941 the patient began to feel tired and poorly, complaining of 
headache on the left side. On 1/8 he had peripheral facial paralysis of the 
left side, for which he Avas admitted to the Neurol. Dep. of the Kommune- 
hospital on 17/8. 


Two days after his admission the patient had 2 attacks of tonic-clonic 
convulsions with complete loss of consciousness. Visual disturbances appear- 
ed at the same time, Avith dimness of Aision Avhich, in the next couple of days 
developed into complete blindness. The patient stayed in the department 
about 2 months, during Avhich time he presented Awying degrees of oedema 
increasing torpidity and debility, anemia, and ultimately extreme emacia- 
tion. Throughout this period he Avas completely blind. He died on 31/10 
AAOtli the clinical features of uremia. 
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Tlio patient was treated with repeated lumbar punctures, glucose ma« 
nesium sulphate and morphine. . . ’ 

Neurological examination showed peripheral facial paralysis of the left 
side, loss of the sense of taste on the Icffhalf of the tongue, and positive 
Babinski on the right side. • . 

Of special examinations the following are to be mentioned: 


Wasscrmaiin reaction, January 19-11: +8; August: negative; ' 

Urine, in January, IMarch and April: No albumin. On admission to 
Neurol. Dep. and throughout his stay here, the urine showed continuously 
content of protein, with a daily output of 5— 12''/„o (Esbach). Only slight 
hematuria (sediment count: 510000 red blood cells; 125000 leucocytes; 
110000 hyaline casts). 


Mood urea normal (2-1 — 50 mg %) until shortly before death, when it was 
rising. 

Scrum proteins between 5 and 6 %, on several examinations i. c., a 
moderate decrease. 

Scrum chlorine lowered (205 — 287 mg %). 

Mood pressure: In April 19-11, normal; in the hospital it was constantly 
increased: systolic pressure, 175 — 225; diastolic, 100 — IGO. 

Lumbar puncture performed many times showed always an increased 
prc.csure, varying from 300 to COO mm. On admission the albumin and glc- 
bulin vidues were increased, -15/4, whereafter they fell off to 20/1. Cell 
counts normal. Wassermann negative. 

Hemoglobin: On admission, 8-1 %; later falling off to about 50 %. 

Mood sugar and spinal fluid sugar, blood counts and blood microscopy, 
spinal fluid urea and spinal fluid chlorine, ascorbic acid determination, 
prothrombin determination, bicarbonate determination and platelet counts 
.showed nothing of interest. 

Eye examination on IS/S showed hazy borders of the papilla, slight 
oedema of the retina and a few hemorrhages. On 21/8: Very marked 
oedema of the retina with detachment beloAv on the right side. In the 
following days, increasing detachment of the retina, in spite of compressing 
bandage; on 25/8, total detachment of the retina in both eyes. 

Autopsy: Brain pale; meninges slightly opague, especially over the ante- 
rior part of the brain. In the 4’ ventricle, a few' blood points on the right side, 
corresponding to the colliculus facialis. Microscopic examination: Slight 
subchronic leptomeningitis, in a few' areas with beginning endothelial pioli- 
feration in the blood vessels, but no perivascular lymphocyte infiltration. 
In the parenchyma, a considerable degree of intercellular oedema through- 
out, separating the tissue elements so as to form numerous large and small 
meshes. Further, there is a diffuse glia proliferation w'ith mostly progrestn e 
changes in the glia cells together with diffuse degeneration of the ganglion 
cells. 

No changes in the blood vessels in the parenchyma. 

The area round the facialis nucleus shows a few small and some larger 
diapedetic hemorrhages. 

Heart somew'hat enlarged, otherwise appearing normal. 

















Fig, 3. Microphol. showing degeneration of tubular epithelium and atrophy of 

the parcnchyuna. 

Microscopy of a lympli gland shows sinus catarrh and some endothelial 
proliferation in the blood vessels. 

Examination of the kidneys, sec below. 

Kidneys. — The macroscopic appearance of the kidneys of the three pa- 
tients is described almost completely alike by three examiners. The kidneys 
were about normal in size, marmorated on the surface wdth lighter, yellow- 
ish, slightly elevated areas that were sharply defined against the darker, 
depressed, more reddish areas. No macroscopic vascular changes. 

The microscopic picture is dominated by pronounced vascular changes 
that involve exclusively the blood vessels of medium size: the interlobar 
and arciform arteries. These arteries are the site of a marked thickening of 
the intima, resulting in narrowing of the lumina producing here and there a 
complete obliteration and thrombus formation, but no perivascular infil- 
tration with Ij'mphocytes — i. e., a typical endarteritis proliferans. 
(Fig. 1.) 

A special feature in this picture is that the small blood vessels — the 
arterioles, interlobular arteries, vasa afferentia and glomerular capillaries 
are completely normal, not hyalinized and constricted, as seen in every in- 
stance of primary and secondary renal atrophy (Fig. 2). 

The glomeruli are perfectly' normal, ruling out the possibility' of a simple, 
acute glomerular nephritis, which would otherwise, a priori, seem most 
likely according to the clinical features of the cases. Likervise the possi- 
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bility of an acute exacerbation of a cbronic glomerular nephritis may be 
regarded as excluded. 

Tlie tubular epithelia in all the specimens, especially in patient No. 3, 
showed degenerative changes resembling nephrosis. Finally, large parts of 
the kidney tissue have undergone shrinkage and atrophy from impairment 
of nutrition. (Fig. 3). 

All the specimens, especially sections from Case 2, show scattered 
lymphocyte infiltration, but in no place does this present the character of 
the circular infiltrations described by Rich (17) as typical of syphilitic 
kidneys. 


Comments. 

Presumably there cai\ be no doubt that in these three cases we 
meet with a nosographic miitij, as all the clinical and pathologic- 
anatomical features encountered here arc perfectly identical. 

All three patients were young men with a relatively fresh well- 
treated syphilis, and all of them had shown signs of intolerance for 
salvarsan. All three patients had been examined repeatedly with 
a view to affection of the kidneys but they never presented any. 
subjective or objective signs of such a lesion (iierhaps No. 3 is to be 
excepted, but the slight transitory hematuria in his case ma}’’ be 
presumably left out of account in this connection); and during or 
after the antisyphilitic treatment, all three patients had uncharac- 
teristic sjrmptoms of nephritis, followed by accumulated epilepti- 
.form attacks of convulsions wliich gave rise to their hospitali- 
zation. 

On admission to the hospital, all three patients presented pro- 
nounced hypertension, focal cerebral symptoms and increased 
spinal fluid pressure, which, in connection with the urinary findings 
and the eye changes, complete the clinical picture of an acute 
hypertensive encephalopathy on a nephritic basis. In all three cases 
there was marked albuminuria and tendency to oedema, but sur- 
prisingly slight hematuria. On admission there was no signs of 
renal insufficiency, but in two of the patients this phenomenon 
developed ultimately. All three patients died within 3 months of the 
first convulsive attack. 

Autopsy revealed kidney lesions consisting in endarteritis obli- 
terans of the larger blood vessels in the kidney with consecutive 
atrophic changes in the parenchyma and more or less pronounced 
nephrotic changes. 
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_ One cannot hc]p wondering Lhat it be possible ^vithin oneyear 
in hospitals of Copenhagen to encounter 3 patients presenting such 
striking clinical features and that it is impossible in the litlerature to 
find more Llian one case of the same kind — described in 1938 by 
Loiter (14). On the other hand, the patient of Letter’s falls com- 
pletely in line with our patients. This patient was a male syphilitic, 
aged 40, treated with salvarsan and Insmuth, who had hypertension 
and convulsive attacks, and died in the hospital. Like in our cases, 
the kidneys of this patient showed a typical endarteritis obliterans 
and thrombus formation in the interlobar and arciform arteries, but 
no abnormality of Ibe small blood vessels and glomeruli. In this 
case the atrophy of the kidney tissue was, more pronounced than in 
our patients, and the nephrosis-like features less conspicuous. Leiter 
thinks that his case is the only one of its kind described in the lite- 
rature up to lhat time. 

Undoubtedly the primary phenomenon in this morbid condi- 
tion is the vascular lesion here described, giving rise to hyperten- 
sion through narrowing of the kidney vessels and subsequent is- 
chemia of the kidney tissue. ^^^^c^hcT the nephrosis-likc condition 
with pronounced albuminuria and oedema that makes its appear- 
ance later on is a result of this vascular lesion, or whetlier its pro- 
duction requires some additional factor, is a question that cannot 
now be decided with certainly. But, wc know at any rate that the 
albuminuria has not persisted for any considerable length of time, 
and in one of our cases the hypertension was present about one year 
before the appearance of the albuminuria. 

As to (he ccrcbrcd phenomena, the reader is referred to a preced- 
ing paper in which this question is dealt with e.xtensively (1). 

The teiin »acute hypertensive encephalopathy;) covers the 
concept of »acute eclamptic pscudo-uremia» ~ or, as it is com- 
monly designated in the Scandinavian text-books »eclamptic 
uremia» — and is the designation for the cerebral phenomena accom- 
panying certain kidney lesions, especially the acute glomerular 
nepliritis, sometimes the chronic nephritis, less frequent nephro- 
sclerosis, hut never a clear-cut nephrosis. The typical morbid 
picture is encountered also in eclampsia in pregnancy and in ence- 
phalopathy from lead poisoning, appearing as epileptiform convul- 
sive attacks and, some times, focal cerebral symptoms, possibly 
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eclamptic equivalents, mental disturbances, etc. The presence of 
hypertonia is required for the appearance of these attacks, probably 
also a tendency to oedema. On the other hand, in themselves the 
attacks have nothing to do with uremia, as typical cases (and this 
applied to our patients too) present no evidence of renal insuffi- 
ciency — although, of course, the attacks may very well be coinci- 
dent with uremia. The attacks are always accompanied by hyper- 
tonic neuroretinopathy, in which the examination reveals a narrow- 
ing of the arterial lumina in the background of the eye, oedema of 
the papilla and retina, )>woollyi) exsudates and sometimes detach- 
ment of the retina. 

To enter into the pathogenesis of hypertensive encephalopathy 
would fall outside the scope of this paper, and it will suffice here to 
mention that the discussion of this question has been focussed 
especially on three theories. After the first theory the cerebral 
phenomena are interpreted as resulting from toxic parenchymal 
damage. Insofar as this implies an intoxication with known meta- 
bolic products, this theory is now discarded as the kidney function 
in the typical cases is unimpaired. According to the second theory, 
the eclamptic attacks and their equivalents are elicited by cerebral 
angiospasm [Oppenheimer & Fishberg (15), Evans (5), and others]. 
This theory is claimed to find support in the acute onset of the 
attacks, the transitory character of the symptoms and the observa- 
tion of spasms of the retinal blood vessels during the attacks 
[e. g., Haselhorst & Myhus (7)]. 

Finally, the third theory explains the hypertensive encephalo- 
pathy as resulting from acute oedema of the brain [Traube (20), 
Zangenmeister (24), Blackfan (3), Volhard (21), Dereux (4), and 
many others]. Several facts are suggestive of the pathogenetic signi- 
ficance of the cerebral oedema; In the initial stage the clinical fea- 
tures correspond to the symptoms of increasing intracranial pressure. 
Further, the spinal fluid pressure is practically always increased, 
and the degree of choked disc encountered in this condition is too 
severe to be attributable to the local oedema of the retina alone. 
Moreover, the attacks may be provoked by administration of water 
[Rowntree (18)], while evacuation of spinal fluid and injection of 
hypertonic salt solution may check the attacks. 

The theory which today encompasses the majority of view- 
points will be as follows: The hypertension elicits cerebral arterio- 
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spasms, which produce cerebral ischemia; the resulting parenchy- 
mal endothelial damage gives rise to an abnormal permeability of the 
capillaries, which again brings about oedema, increased intra- 
cranial pressure and universal anemia of the brain. 

There are still many unsolved problems concerning this condi- 
tion, however, especially the relation between the arterial hyperten- 
sion and the cerebral angiospasms, and the significance of the 
eventual abnormal capillary permeability to the formation of 
oedema [Kessler and collaborators (12)]. For elucidation of these 
questions we are now engaged in studies on the hydrodynamic 
aspects of the spinal fluid in hypertonic and oedematous patients. 

The diagnosis of the cerebral phenomena is found in practice 
to be rather difficult. In particular, in our cases the possibility of 
the presence of an intracranial tumor has been considered. Tliis 
possibility was suggested by the subjective symptoms of increased 
intracranial pressure, the rapid development of choked disk and the 
convulsive attacks that were accompanied by focal cerebral sym- 
ptoms, The arterial hypertension, the retinal lesion and the urinary 
findings are decisive of the diagnosis. 

It seemed less probable that the condition in these cases might 
involve uremic cerebral complications, as there was no evidence of 
renal insufficiency, and the epileptiform convulsive attacks did not 
at all resemble the irregular muscular twitchings encountered in 
uremia. 

The third possibility was that these attacks might be due to 
cerebrospinal syphilis. If so, the spinal fluid changes were most 
suggestive of syphilitic endarteritis, which not infrequently brings 
about epileptiform convulsions. But the possible presence of vascu- 
lar changes of this nature wmuld not explain the arterial hyperten- 
sion, the retinal affection, and the increased intracranial pressure 
observed in our patients. 

As to the kidney lesion, its resemblance to an ordinary glomerulo- 
nephritis is so great that the clinical picture offers no definite evi- 
dence to the fact that we are dealing here with a special form of 
kidney lesion. One wonders at the absence of hematuria and the 
rapid fatal course of the lesion, as these two features are uncommon 
in acute glomerulonephritis, but first the microscopic examination 
reveals conclusively that we are dealing here with something 
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else. Also the possibility of an acute exacerbation of a chronic 
nephritis would have to be taken into consideration, if the urine 
had not been examined repeatedly prior to the admission, Avhen it 
had shown no abnormalities. 

As is well known, vascular changes of the nature here described 
may appear in response to various noxious agents or from some cause 
that cannot be decided. 

Our cases, we think, imply three possibilities with regard to this 
point. 

In might be the question of an essential thromhoarleriiis obliterans 
— instances of Buerger’s disease involving the kidneys. Pathologic- 
anatomically this disease cannot be differentiated from the changes 
observed in our cases, but we think that such an explanation 
would be rather unreasonable, as all the four cases described so 
far have been syphilitics presenting no symptoms of any vascular 
lesion in the extremities. Cases of Buerger’s disease have been de- 
scribed, in which the lesion involved not only the extremities, but 
also internal organs and the brain. Thus, among others, Jiiger (11) 
has described a case in which vascular changes were seen in the 
kidneys, too. But these changes were not limited to the larger 
arteries, but were found also in the arterioles and in the glomerular 
capillaries. So the localization of the vascular changes described 
by us appears not to be characteristic of Buerger’s disease. Another 
and more probable possibility to be considered is the sypliiliiic 
etiology. As is well known, syphilis may give rise to the appearance 
of various kidney lesions: transitory allmminuria, the slight toxic 
proteinuria in the initial stage that subsides spontaneously or after 
institution of antisyphilitic treatment; the syphilitic nephrosis 
which occurs most often in the secondary stage and is sometimes 
characterized by excessively liigh values for output of albumin 
in the urine [Baker (2), Hermann & Marr (9)]. Such cases have 
been described, among other, by Patton & Corlette (16) in 1940, and 
in 1925 Warburg (23) demonstrated a patient who presumably was 
suffering from syphilitic nephrosis and thromboarteri.tis obliterans, 
but in his patient this lesion was localized to the extremities, not to 
the kidneys as in our patients, and there was no hypertension in 
Warburg’s case. 

As, in particular, mercury, but also salvarsan and bismuth, may 
give rise to similar nephrosis-like features, it has often been difficult to 



80 


-ESTHEn AMMUNDSEN and VILLARS LUXN. 

decide whetlier tlie disease or its treatment was responsible for the 
kidney lesion. In such cases, only the course of the lesion after 
further treatment, or after discontinuance of the antisyphilitic treat- 
ment, may give the diagnosis. 

As to the question about the specific etiology of acute glomerular 
nephritis and of the chronic nephritis sometimes observed in syphi- 
litics, opinions are divergent [Hein (8), Volhard (21), Baker (2)]. 
As mentioned. Rich (17) has described a presumably syphilitic kid- 
nej'' lesion with small round accumulations of Ijrmphocytes in the 
parenchjTTia, but this appears not to have been recognized in gene- 
ral. On the whole, we think, it may be said that apart from the rare 
occurrence of gummata of the kidney there are no pathologic-ana- 
tomical changes in the kidneys that are specific of syphilis. The 
course of some kidney lesions, especially improvement under anti- 
s 3 T>hiIiti.c treatment, however, may suggest that the etiolog^f has 
been a spirochaeta infection. 

As to our cases, the clinical features are not in keeping with the 
syphilitic kidne}’’ lesions described hitherto. Our patients have been 
treated early and energetically, and the Wassermann reaction has 
become negative under the treatment, so that it does not seem rea- 
sonable to assume that a serious syphilitic affection of the kidneys 
has developed at the same time even though this possibility probably 
cannot be ruled out with certainty. 

The third possibility is that the neosalvarsan ireatment is the 
cause of the lesion. This is indicated primarily by the circumstance 
that our three patients had showed other signs of intolerance for 
salvarsan (nothing is known about Leiter’s case in this respect). It is 
rather strange, however, that such a serious complication from sal- 
varsan treatment should not have been described before. The 
complications mentioned in the literature as arising from this 
therapy are the fairly common shock-like phenomena after the in- 
jections and proteinuria, but not more severe damage to the Iddneys 
[see Stoeckenius (19), how’ever]. Furthermore dermatitis, hepatitis, 
and the so-called hemorrhagic encephalitis, may bee seen. The 
clinical picture of the last-mentioned cases which have been de- 
scribed, among others, by Kiihnel (13) has some resemblance to 
that of our cases — convulsive attacks and a rapid fatal course — 
but there is no hypertension or other evidence of renal affection- 
Further, the hemorrhagic encephalitis occurs most often in preg 
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nant Nvomen, appearing immediately after injection of salvarsan, 
and it is generally interpreted as a Herxheimer reaction in the brain, 
which is found to be oedematous and show numerous punctate 
hemorrhages. 

Of course, it is quite possible that some of the cases reported in 
the literature as instances of hemorrhagic encephalitis have actually 
been of the same nature as ours, since some of these reports fail to 
give information about the urinary findings, blood pressure, and 
microscopic examination of the kidneys. It is further to be kept in 
mind tlmt the vascular lesion here described presumably sometimes 
develops in the course of a considerable length of time (in one of our 
patients, in one year) and that the patients then may be admitted 
to other clinics, so that the possible connection of the lesion with 
the salvarsan treatment may be overlooked. 

Finally, indeed, there remains the possibilit}'" that salvarsan dur- 
ing the last couple of years — under the difficult conditions of manu- 
facturing — may have changed in character and become more toxic, 
and that this is the reason why such cases have not been seen before. 
It has not been practicable to analyse the salvarsan preparations 
employed in our cases but in the period here concerned there has 
been no increase in the number of complications observed under 
antisyphilitic treatment given in the Dermatological Department 
of the Rigshospital. On the other hand, an investigation carried out 
on the initiative of the Medical Legal Council in autumn 1940 — on 
account of two deaths after injection of salvarsan (apparently in- 
stances belonging to the hemorrhagic encephalitis group) — showed 
that the salvarsan employed in these cases was 50 % more toxic than 
permissible after the directions. 

As the matter now stands, it is not practicable to decide why 
these three patients died, even though we find it most likely that 
death was due to the salvarsan treatment. At any rate, this pos- 
sibility is so obvious, we think, as to urge the vcnerologisis to emp- 
loy blood pressure measuring, besides examination of the urine, 
extensively in patients complaining of headache, dizziness, vomit- 
ing, etc., during or after treatment with salvarsan, and to disconti- 
nue this treatment in the cases of relatively young persons showing 
, hypertension. 

It has been the purpose of this paper to call attention to a pre- 
sumably rare and hitherto unrecognized kidney lesion that occurs 

— Ada med, scandinav. Vol. CXII. 
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m well-treated s>T>liilitics, and which has terminated fatally in all 
the cases described so far. At the same time, this lesion presents 
some particular pathologic-anatomical features which strikinaiy 
illustrate and confirm the experimental investigations which show 
that h5T)ertension is produced not only by a narrowing of the 
smallest blood vessels in the Iddneys hut also by obstruction to 
the blood fIo\Y in the larger arteries of the kidney. 


Summary. 

Hypertension from renal affection is encountered generally in 
patients with pathological changes in the smallest arteries of the 
kidney, glomerulonephritis, nephrosclerosis. Further, it may result 
from obliterating lesions in the renal artery. Solitary vascular chan- 
ges in the medium-sized arteries of the kidney (interlobar and 
arciform arteries) as the cause of kidney affection with hyperten- 
sion have been described in the literature presumably but once. 

Here a report is given of 3 cases of renal hypertension with 
cerebral complications (acute h}>pertensive encephalopathy) arising 
on the basis of obliterating endarteritis in the mediumsized arteries 
of the kidne 5 ^ 

The 3 case histories showed a striking harmony in the clinical 
course of the lesion as well as in the pathologic-anatomical changes. 
All 3 patients were fairly young men with a syphilitic infection of 
% — 3 years’ standing who had been treated earlj’’ with neosalvar- 
san and bismuth, and all of w’hom had sho-wed signs of intolerance 
for salvarsan. In connection with this treatment there appeared a 
renal hypertension with abjuminuria, but without hematuria. 
Subsequently, eclamptic phenomena developed together with in- 
creased intracranial pressure, hypertensional affection of the retina 
with choked disk and, in two of the cases, detachment of the retina. 
The patients died within 3 months after the first convulsive attack. 

Histological examination of the brain showed oedema and small 
scattered hemorrhages. 

Histological examination of the kidnej^s showed pronounced 
proliferation of the intima of the interlobar and arciform arteries, but 
no pathological changes in the arterioles and glomerular capillaries. 
The kidney parenchjona presented degenerative nephrotic changes 
and atrophic processes with lymphocytic reaction here and there. 
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From the Department of Pediatrics of the Rigshospital. Copenhagen 
(Cliief: Professor C. E. Bloch, M.D.) 


Investigations into the Cause of the Physiological 
Hypoprothrobinemia in New-born Children. 

11 . Fat Digestion of New-born Infants^. 

By 

P, PLUM and CHR. ULDALL. 

(Submitted for publication April 14tli, 1942). 


In order to stud}’’ -wlietlier the cause ol the physiological hypo- 
prothrombinemia of new-born children might originate from a 
deficient digestion of fat and, hence, of the fat soluble vitamin K 
we have investigated, quantitatively as well as qualitatively, the 
fat content of the feces from a number of normal infants. The pro- 
thrombin content of the blood was determined on the 1st, 3rd, and 
6th day of life. 

Technique^. 

The feces was collected directly from the diaper as quickly as 
possible after defecation and was kept at about 0° C. All feces 
portions from the 2nd — 3rd to the 4th — 5th day of life were collected 
and analyzed together. The determination of dry matter is compli- 
cated by two sources of error, partly a contamination with urine 
and partly the drying-in in the diaper. The content of dry matter 
has been determined after drying to constant weight at 98° C. The 

1 This "work has been supported by a grant from the Rockefeller Foundation. 

® The feces analyses were carried out in the laboratory of the Health Com- 
mission, Copenhagen (Chief; E. Mejlbo). 
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d-!* nninnlion of total fat, froc fatty acid-S soaps, and uentral fat 
v.as p. rfornifd ad modmn Holt, Courtuoy and Falc. ns described by 

'I jic j.rotbrosnbin Ci)iitent of Ifie blood was measured on capillary 
blond from lla: bt-’cl by menus of a niicro-modificntion of QuieJe’s 
method (Plum and Farsen). The IhromboplasHti applied was the 
non-drit'(l human brain 3 )re]»aration (Dam and Glavind) (norma! 
value for adults by this nu-tliod, IS— 21 sec.) 


Material. 

'I'he 21 children invesliftatcd were Ijealthy, new-born infants 
ami. except for one. they were born at full term; all of them were, 
breast fed with addition of some sweetened water during the first 
d;vys. .Ml the children were born at the Dep.arlmcnt of Ohslclrics B 
of the Iligshospital, Copenhagen b during the period from July to 
Sejdembor 1011. The children selccled had not been treated tvUh 
vitamin K and their mothers liad not received prophylactic vitamin 
Iv before delivery. Furthermore, the children were sekclcd so that 
one half of them showed a decrease, and the other half an increase in 
the ]irothrombin content of the blood from the 1st to tlio 3rd day of 
life. Xo other .selection of the material was made. As a basis of 
com))ariscm. 11 older, normal, brenst-fed infants were examined. 
Tfie n'sults may be seen from Tables 1 and 2. 


Discussion. 


When the re.sulls from the investigations of new-born children 
are compared with results ol)taincd on older breast-fed infants, it 
uiay 1)0 .seen that the dry matter content of the fcccs and the fat 
rnufent of the (ir>' matter arc almost identical, the mean values 
b< {ng 25.7 and 2;> per cent tlry matter, and 3.3.1 and 36.1 per cent 
total fat. respectively. With regard to the composition of the fat, a 
somewhat lower content of isplit fat- (free, fatly acids -f soaps) was 
found in iiew-born than in older hrcasl-fcd children, viz. 60.2 and 


4 *> 


per cent. rcspKctivcly. Moreover, the new-born children showed 
Tea.ter v.ariatinn in the values, as may be seen from Table 3. 


T. IDuch, .At. D., for the permissicn lo 

xhr c'iiitircr. 



P. PLUM and CHR, ULDALL. 


If the relation between the prothrombin content of the'blood and 
the fat content of the feces is investigated in the individual new- 
born children, it appears that no correlation between total fat and 
the prothrombin content of the blood can be found. 

Table 1. 

Fat analysis of the feces from 21 normal breast-fed infants, 2—5 days of 
age. The upper part of the table comprises children whose prothrombin content 
of the blood decreased between the 1st and 3rd day of life. The lower part of 
the tabic comprises values from children w'hose prothrombin content of the 
blood increased between the 1st and 3rd da}’’ of life. 



Feces 


£3 O Z. 

O 0.0 
t-t r* 


20 22.4 

21 42.5 


Average 25.2 31.2 



[Prothrombin content of the blood 


1st day 3rd day Gth day 



2.5 148 1.2 

43 115 2 

90 48 13 

3.5 199 0.6 

9 927 0.1 

17 70 6 

20 135 1.5 

21 294 0.3 

13 80 4.5 

C 267 0.3 

37 89 


41 ,19 

42 18 

34 28 

35 27 

31 34 

23 63 

53 11 

49 13 

32 32 

34 28 

26 50 



55 10 37 23 34 28 

369 0.2 141 1.3 89 3.5' 

510 0.1 88 3.5 36 24 

136 1.6 98 3 39 21 

177 0.8 82 4 37 23 

77 5 80 4.5 45 15 

77 5 57 9.5 47 14 

556 0.1 279 0.3 64 7 

51 11 35 27 57 9 

160 1.0 79 4,5 46 15 


Average 25.7 33.1 
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Table 2. 

Fat analysis oi the feces from 11 normal breast-fed infants, 1 7 54 

months age. 


Age in 
months 

Sex 

Weight 

Feces 

Dry 
matter 
in % 

Total fat 
in % of 
dry 
matter 

Free fatty 
acids and 
soaps in % 
of total fat 
(split fat) 

Neutral fat 
in % of total 
fat (unsplit 
fat) 

1 % 

M 

4200 

21 

28.0 

70 

30 

2 

F 

3925 

11 

33.5 

65 

35 

3 

I\I 

3700 

31 

38.0 

70 

30 

3y4 

F 

5250 

23 

35.3 

77 

23 

3 Vi 

F 

5200 

29 

64.5 

71 

29 

31/2 

M 

5250 

23 

28.2 

68 

32 

3% 

F 

6050 

37 

41.1 

88 

12 

41/4 

F 

7200 

23 

4S.2 

55 

45 

41/0 

F 

7000 

IS 

22.9 

84 

16 

7^/4 

M 

6820 

19 

23.8 

73 

27 

71/4 

F 

6910 

20 

34.0 

83 

17 

Average 

23 

36.1 

73.0 ' 

27.0 


When comparing the groups of new-born children, the first 
group, in which the mean value of the prothrombin content pf the 
blood increased from 3 to 29.6 per cent between the 3rd and 6th day 
of life, was found to contain a greater amount of split fat in the 
feces (64.6 per cent) than the second group (55.4 per cent), in which 
the mean value of the prothrombin content of the blood increased 
from 8.1 to 16 per cent. This result seems to indicate that the better 
splitting of fat must be brought in relation to the greater increase in 
prothrombin content of the blood. 


Conclusion. 

It has been shown that with respect to the fat content the feces 
from new-born children between the 2nd and 5th day of life does not 
differ from the feces from older infants. The content of split fat is, 
however, somewhat lower in new-born children than in older in- 
fants. Moreover, a certain correlation seems to exist between the 
content of split fat in the feces and the prothrombin content of the 
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Dislrihutiou of the material with regard to the content of split fat 
(free fatty acids soaps). 



New-born 



1 

Split fat in 
of total fat 

Cliildren whose 
prothrombin 
content of tlie 
blood decreased 
from 1st — 3rd day 

Children whose 
prothrombin con- 
tent of the blood 
increased from 

1st — 3rd day 

Total 

Older breast 
fed infants 

0—- p 









10—10 



1 


1 




•20 — or) . . . 



1 


1 




30_3P 

1 


0 


1 




to— to 

1 


1 


o 




itO— ;'>0 

1 


3 


■t 


1 


fiO— 00 

•1] 


I) 


fl) 


2^ 


70—79 

2 

. s 

1 

. -1 

3 

. 12 

5 

. 10 

80— SO 

1 

1 

2 

3 

00—00 

1. 


1. 


2, 


0; 


Total 

11 

10 


l21 


11 


JfUT fat 
iM Frees 
rcf, ctnr 



Figure. 

Relation between the prothrombin content of the blood of 
newborn children, measured on the Glh day of life, and the split I, t 

of the feces. 
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blood on the 6th day of life. Finally, the group of new-born children 
showing the greatest increase in prothrombin content of the blood 
between the 3rd and 6th day of life reveals a larger content of spUt 
fat than the group with a less pronounced increase in prothrombin 

content. 

It being well-known that the absorption of the fat soluble vita- 
mins A, D and K is closely connected with fat digestion (steator- 
rhea, bile obstruction) the circumstances demonstrated could be in- 
terpreted as an item in favour of the already quite probable assump- 
tion that new-born children’s supply of vitamin K stands in rela- 
tion to their ability to split and absorb fat. The greatly varying 
prothrombin values of new-born children might thus to some extent 
be caused by their fat digestion being at different stages of deve- 
lopment. On the other hand, the differences demonstrated between 
the fat digestion of the new-born and older infants arc so small that 
they cannot be considered to be the essential, but only a contri- 
buting cause of the physiological variations of prothrombin in new- 
born children. 


Summary. 

1. The dry matter content of the feces, the content of totaVfat 
and split fat (free fatty acids -f soaps) have been investigated on 21 
normal, new-born breast-fed children and 11 normal, older breast- 
fed infants. 

2. The content of split fat was found to be somewhat low^er in the 
new-born than in older infants. A doubtful correlation was found 
to exist betn^een the content of split fat in the feces and the content 
of prothrombin in the blood. 

3. The result of the investigations indicates that differences in 
the fat digestion and, hence, in the ability to absorb vitamin K play 
a contributing, but relatively small part as a cause of the physiolo- 
gically lughly varying prothrombin values of new-born children. 
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Some studies on blood coagulation, with 
reference specially to the problem of hemophilia. 


By 

ERLING LUNDSTEEN, M.D. 
(Submitted for publication May 15, 1942). 


The discovery of vitamin K and of heparin has greatly increased 
the interest of the clinicians in the subject of blood coagulation 
and has in many waj-'s added to our understanding of this important 
process; yet many things about it are still speculative. The results of 
the investigations recorded in the following shed a new light on 
some aspects of the matter. 

In the course of some studies respecting certain questions in 
connexion with the coagulation of blood I incidentally observed that 
citrated plasma underwent some changes when left standing. Thus, 
the fibrin coagulum obtained by addition of a lime salt gradually 
lost its power to retract when the plasma had been standing at a 
temperature of 37° C prior to coagulation, but at the same time the 
speed vdth which the plasma coagulated after recalcification in- 
creased. 

The manner in which the retraction of the coagulum was exam- 
ined need not be described here. The method by which, the clot- 
ting time was determined was as follows. The principle is the same as 
in Howmll and Gram’s (7) method, in w'hich citrated plasma is used, 
w'hich is recalctfied by the addition of calcium chloride. The blood 
is obtained by venipuncture, by means of a syringe, in the same 
manner as in Westergren’s method for blood sedimentation, where- 
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by one part of a 3.7 per cent sodium citrate solution is added to four 
parts of blood; - this citrate concentration being preferred cliiefly 
because it is practical for the prothrombin examinations, as will be 
mentioned later. IVhen the blood corpuscles have sedimented, 0.2 
cm® of the plasma are set to heat at 37° C in a small test tube vdth an 
inside diameter of 10 mm. After a couple of minutes 0.05 cm® of a 
calcium chloride solution are pipetted into the tube, care being taken 
to have this solution of exactly 1.5 per cent strength as regards 
CaCIa, which has been found to give the best concentration for the 
coagulation. Thus, it is not necessary to investigate the clotting 
time with several different concentrations, but it must nevertheless 
be recommended always to make duplicate determinations. At 
intervals of 15 seconds the tube is tilted slightly in order to see if coag- 
ulation has set in, but in doing so care must be taken that the 
coagulum does not become detached from the wall of the tube. The 
clotting time, which thus is only determined with an exactitude of 15 
seconds, vdll then be the time that elapses before the tube can be in- 
verted without loss of the contents. Normally, the coagulation wull 
occur after 3 to 4 minutes, but the limit for the pathological clotting 
must be set at 6 minutes. With plasma from normal subjects, 
the difference between the duplicate tests is hardly ever more than 1 
minute. 

The present investigations are based on the already mentioned 
observation that the clotting power of citrated plasma is greatly 
increased when it is allowed to stand for some time at 37° C, and 
in a lesser degree at room temperature. Of this, in my opinion 
highly interesting fact I have not found any mention in the litera- 
ture to which I have had access so far, and I think it should be made 
the object of further study. What is particularly significant is that 
this acceleration of the coagulation can be demonstrated also as 
regards hemophilic plasma, as will be seen from Table I, where the 
clotting time for the latter is even shorter than in a control experi- 
ment -with normal plasma. The experiment shows as clearly as 
anything that the hemophilic plasma contains a sufficient amount of 
clot-promoting substances, only, they are generally not present in 
an active form, either because one or several of the elements neces- 
sary to produce the coagulation are bound in some way or other, or 
because hemophilic blood contains a greater amount of clot-pre- 
venting substances (lieparin, for instance) than normal blood. In 
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Table I. 


Change in clotting time after standing. 


Number of hours 

Clotting time in minutes. | 

at 37° G. 

Hemophilia 



0 

10 % 

— 

6 

1 

8 


5 

2 

3 % 

1 % 

2 y. 

3 

2 

1 



4 

1 ya 

1 

2 y^ 

6 

2 

1 

2 

21 

36 

1 % 

3 

at 21° C. 

0 

10 3/^ 

2 % 

6 

3 

8 

2 % 

— 

21 

4 % 

2 3/4 

3 yt 


this connexion it must be mentioned that it has already been ob- 
served that the clotting power of citrated plasma from hemophilic 
patients increases by standing [Opitz and Zweig (13)]; but this fad 
has not been paid sufficient attention to. 

The hemophilic plasma was now centrifuged for 1 hour at 3500 
r.p.m., and the supernatant plasma carefully pipetted off. The num- 
ber of platelets prior to centrifuging was 370,000 per cubic milli- 
meter, after centrifuging 1500. It was found that the centrifuged 
plasma did not coagulate until several hours after the centrifugation, 
and its clotting power was not increased by standing at 37° C. 

Next, two portions of hemophilic plasma, each of 1 cm®, were 
centrifuged for 1 hour at 3500 r. p. m., and 0.8 cm® of the superna- 
tant, clear, almost platelet-free plasma pipetted off from each por- 
tion. One of the centrifuge cones, with the throw-down platelets, 
and the plasma pipetted off from the other portion, were allowed to 
stand for 3 hours at 37° C. At the same time, tw'O portions of untreat- 
ed hemophilic plasma were set aside for the same length of time, 
one at 37° C, the other at room temperature (21° C), as controls. 
After the three, hours, the plasma that had been pipetted off was 
again mixed wdth the corresponding platelet-containing plasma, 
and the mixtures shaken very carefully, so that the platelets became 
evenly distributed; whereupon samples wnre removed for determina- 
tion of the clotting time. The results of this experiment, w'hich was 
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Table II. 

Observations on changes in plasma and platelets at 37° C 


■: ^ ^ - ■--- = 

Clotting lime, 


in minutes 

Hemophilic plasma before standing 

10 % 

After standing for 3 hours, platelets at 37° C, plasma at 21° C 

2 Vz 

, a van platelets at 21° C, plasma at 37° G 

10 % 

After plasma with platelets standing for 3 hours at 37° C . . 

2 

a a » » * »»»»2I°C.. 

8 


repeated several times, are shown in Tab. II. It is seen that ■where the 
platelets had been standing at 37° C and the corresponding plasma at 
room temperature, the clotting time is reduced considcrabl}’-, wdiereas 
is does not alter in the cases where the platelets have been standing 
at room temperature and the plasma at 37° C. This show's W’ith ab- 
solute certainty that it is the platelets that undergo a change when 
kept standing at 37° C, and which probably give off some substance 
that accelerates the clotting. The delayed coagulation ol hemo- 
philic blood must therefore in all probability be due to an abnormal 
reduction of the pow'er to liberate this substance, wdiich is presum- 
ably thrombolunase or some element present in the latter. This also 
accords 'nith the theories emitted bj' several authors, respecting the 
cause the disease. Fonio (5) and Minot and Lee (11), for instance, 
found that hemophilic plasma coagulates normally when a suspension 
of platelets from normal subjects is added to it. A significant, if 
somewhat coarse experiment was made by Birch (2), -wdio separated 
platelets and plasma from hemophilic blood by centrifugation, crush- 
ed the platelets in a mortar and then added them to tlie plasma, 
whereupon the clotting time became considerablj' reduced. 

The increased tendency to bleeding in hemophilia is presumably 
due chiefly to the prolonged clotting time, but some authors [Mora- 
■witz (12), Woehlisch (17)] do not think that this is sufficient to 
explain the phenomenon, inasmuch as these patients often bleed 
without having sustained any demonstrable trauma. Tljey tliere- 
fore suggest tlie existence of an additional factor, nsLincly some w'eak- 
ness, or brittleness, of the vessels; though no abnormality of the 
latter has ever been found in this disease, either by microscopy or by 
examinations of the capillary resistance. Moreover, it lias been 
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Shown that the amount of thrombokinase in the tissues is I j,e same in 
hemophiha as in normal subjects [Gressot(S), iVIinot and Lee fib 
Lowenburg and Rubenstone (10)]. ’’ 

As already said, it has also been suggested that the bleeding ten- 
dency in hemophilia should be due to an increased amount of anti- 
thrombin (heparin) in the blood, but this is very unlikely. In Die 
first place it has been shown [Fonio (5), Morawitz (12)] tliat liemo- 
philic blood does not. inhibit the clotting of normal blood; in the 
second place, Eagle (3) has found that small quantities of thrombin 
will make hemophilic plasma clot just as rapidly as normal plasma. 

On the other hand, a number of important studies by American 
workers on the problem of hemophilia indicate that the tendencv 
to bleeding in this disease is due, not to an abnormality of the plate- 
lets, but to the plasma being deficient in an essential activating 
factor. In contrast to the investigators already mentioned, Eagle (3) 
found that the clotting of hemophilic plasma was not accelerated by 
the addition of a suspension of carefully washed hemophilic or normal 
platelets. Secondly, he found that the prothrombin content of 
hemophilic plasma was normal, and, thirdly, that the phospholipoid 
cephalin, w^hich by many is considered as closely related to, or 
identical with thrombokinase, is ineffective when added to hemo- 
philic plasma, despite the fact that it accelerates the clotting of nor- 
mal plasma. These observations, which also agree with those of earlier 
workers [Addis (1), Frank and Hartmann (6), Feissly and Fried (4)], 
are contrary to the >>platelet theory», and are furthermore supported 
by those of several later investigators, whose results point in llie 
same direction. Thus, Patek and Stetson (14) found that the addition 
even of small amounts of normal plasma to hemophilic blood 
shortened the clotting time of the latter very considerably, irrespec- 
tively of whether the plasma used was untreated or hadpassed through 
a Berkefeldfilterandwas consequently free from platelets (Table III). 
The same was the case in vivo. Even an amount of normal or plate 
let-free plasma as small as 45 cm® transfused into a patient vitb 
hemophilia reduced the clotting time from 120 minutes to 40, and 
with 300 cm® of blood the time was reduced from 90 minutes to 10. 
Also these authors found that carefully washed platelets failed to 
accelerate the clotting of hemophilic blood, and they believe that tlie 
contrary results obtained by Fonio and Minot must have been due 
to the platelets not having been adequately rinsed of plasma, so that 
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Table III. (Patek and Stetson). 

Observations on dolling lime ol hcmophiiic blood after adding normal and 
hemopbilic plasma from another patient. 



Clotting time, in 

, 

minutes 


C-S' I 

Case II 

2 cm® control hemophilic blood 

120 

75 

2 cm® control + 0.03 cm® -whole norninl plasma 

28 

25 

2 cm® control + 0.03 cm® ^vhole hemophilic plasma 

120 

75 

2 cm® control + 0.03 cm® filtered normal plasma . . 

28 

25 


some of the latter may possibly have adhered to their surfaces. In 
a later study, Patek and Taylor (15) have confirmed this splasma 
theoryi), and have shown that the activating substance in the plasma 
is a globulin which can be extracted from the latter. As shown by 
Pohle and Taylor (16), this globulin can even be injected intra-> 
venously and intramuscularly into hemopbilic subjects with the 
result that the clotting time is considerably reduced. 

To find out whether these American observations could be made 
to tally with the investigations recorded in tlie present study it was 
necessary to make fresh experiments. In these I used a hemophilic 
plasma whose clotting time before the experiment was 20 minutes, 
and normal plasma with a clotting time of 3,5 minutes. Of both 
these plasmas, a part was removed for centrifugation for 1 hour at 
3500 r.p, m,, and portions both of the centrifuged and the not centri- 
fuged hemophilic plasma were placed in water bath for three hours 
at 37° C. During this period there unfortunately (by stand at room 
temperature) occurred a change in the clotting time of tlie hemophilic 
blood, which became considerably shorter; hut tlie results are 
nevertheless convincing. Thus, it will be seen from Table that 
centrifuged and non-centrifuged normal plasma are equally effective 
in hastening the clotting of the hemophilic blood. The addition of 
centrifuged hemophilic plasma had no accelerating effect, of course; 
but hemophilic plasma that had been standing for three hours at 37 
C had this effect in a very marked degree. 

The experiments were repeated in a still more convincing manner 
by the use of centrifuged hemophilic plasma with a clotting time of 
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Table IV. 

Observations on the dotting time of hemophilic plasma after adding differ 

cnt types of plasma, ® 


jo.2 cm® hemophilic plasma that had stood 3 hours at room temperature 
0.2 cm® normal plasma that had stood 3 hours at room temperature 

0.2 cm® hemophilic plasma -f- 0.02 cm® normal plasma 

!o. 2 cm® » p 

0.2 cm® » p 

ifl.2 cm® » p 

;0.2 cm® P p 


-f- 0.02 cm® normal, centrifuged plasma . . 
+ 0.02 cm® centrifuged hemophilic pasmri 

that had stood 3 hours at 37° G ; 

+ 0.02 cm® hemophilic plasma that had 
stood 3 hours at 37° C 


c n 


8 y. 

4 'k 
4 Ht 
10 
1 % 


2 


several hours, in contrast to the centrifuged normal plasma, whose 
clotting time was 8 minutes and -45 seconds. (Clotting times of over 1 
hour are in the present study called »infinite», because the clotting 
obtained after that length of time is very vaguely pronounced). As 
Table V shows, the clotting time for centrifuged hemophilic plasma 
does not change demonstrably by stand at 37° C. When normal 
plasma is added to it, the clotting is considerably hastened, as might 
he expected, and the same is the case if hemophilic plasma that has 
been standing at 37° C is added; hut what is most significant is that 
hemophilic plasma that has been standing at 37° C and has then been 
centrifuged for one hour has a similar accelerating effect. On the 
other hand, the addition of hemophilic plasma that has first been 
centrifuged for one hour and has then been standing for three hours 
at 37° C does not demonstrably hasten the clotting. The results of 
these experiments most strongly indicate that the active, clot- 
promoting substance normally is present in the platelets, but can be 
liberated from there into the plasma. 

As the clotting-power also of normal plasma is increased by 
stand both at 37° C and at room temperature, the explanation of the 
results of the experiments made by Patek and his . collaborators with 
platelet-free plasma must probably be that the platelets had already 
given off the active substance to the plasma either before or during 
the Berkefeld filtration. Thus, they in some cases used plasma 
that was already four days old. That they, in contrast to other 
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Table V. 


Observations on the clotting time of centrifuged hemophilic plasma after 
addition of different types of plasma. 



Clotting 


time in 
minutes 

0.2 cm® centrifuged Jiemopliilic plasma 

infinite 

0.2 cm® normal, centrifuged plasma 

8 ®/4 

0.2 cm® bemophilic plasma, centrifuged and afterwards stood for 3 

infinite 

0.2 cm® centrifuged hemophilic plasma + 0.02 cm normal plasma . . 

11 ®/4 

0.2 cm® » * » 4 - 0.02 cm® hemophilic plasma 


that had stood 3 hours at 
37^" G 

3 Vs 

» » t 4 - 0.02 cm® hemophilic plasma 

kept for 3 hours at 37° C 
and afterwards centrifuged 

8 1/2 

0.2 cm® * * » 4- 0.02 cm® hemophilic plasma 

centrifuged and after- 
wards stood for 3 hours at 
37° C 

infinite 


investigators, did not find normal platelets available for enhancing 
the clotting of hemophilic plasma is probably because they washed 
their platelets so thoroughly that they became destroyed by the 
treatment. The fact is that — as we shall see later — the platelets 
give off the active substance so rapidly that it is almost impossible 
by centrifugation of normal blood to obtain a platelet-free plasma 
whose clotting time is essentially longer than that of the correspon- 
ding whole plasma. 

In other words, the results of the experiments made bj’^ Patek and 
his coworkers can all be explained on the basis of the platelet theory. 
It must be admitted, though, that on first consideration it seems 
astonisliing that, for instance, the addition of 1 volume of normal 
plasma to 100 volumes of hemophilic blood should be sufficient to 
cause so considerable a change in the clotting time. The explanation 
of this is not difficult, however; it lies in the fact that normal blood 
contains a large surplus of the substances on which the coagulation 
depends. A few examples will show this. In thrombopenia, for in- 
stance, the bleeding time will often not become protracted until the 
7 — Acta mcd. scandinav. Vol. CXII. 
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number of platelets falls to 20 per cent of the normal, and even then 
there is no very noticeable change in the clotting time. In Fig. 1 
will be seen a curve which shows the dependence of the clotting time 
on the number of platelets. (A series of plasma samples containing 
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Fig. 1. Abscissa; 

Ordinate; 


Number of platelets per mm’. 
Clotting time in minutes. 



Ordinate; Clotting prothrombin content. 


tlic 


different numbers of these were «« 

when the platelets become very Something similar is the 

riottlngtiLexeeedthelimitforthenorm^^^^^^^^ ^ 

case as regards prothrombin. In Fifr 

shows the dependence of the '’““'"S thromboUnase has been 
thrombin in the plasma when a --P"™ ,, method). A c.r- 
added (Prothrombin examination by Lehmann 
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responding dependence of the clotting time on the addition of heparin 
will be seen from Fig. 3, ^vhich shows that the time level does not 
change in any marked degree until so great an amount' of that 
substance has been added that the greater part of the clot-promoting 
substances have become neutralised; but when that has occurred 
even insignificant amounts of heparin suffice to delay the coagulation 
immensely. 

In connexion with the question of hemophilia it will be reasonable 
to examine the dependence of the clotting time on the thrombo- 



Fig. 3. Abscissa: Amount of heparin added, in per thousands. 

Ordinate: Clotting time in minutes. 

Idnase. This is illustrated in Fig.' 4. (The curve has Idndly been 
furnished me by Mr. Hammer, Pharmacologist to the Biochemical 
Institute of the University of Aarhus). A plasma in which the pro- 
thrombin had been partly inactivated by heating was used for the 
experiment. Also here we see that minimal amounts of thromboki- 
nase hasten the clotting time somewhat, when the latter is slow. 
There is, in other words, nothing surprising in the fact that 0.03 cm^ 
of normal plasma will make 2 cm^ of hemophilic blood coagulate with 
almost normal rapidity. That I in my experiments had to use com- 
peratively more plasma is because I worked with a hemophilic plasma 
that had been standing for some time, and the clotting time of which 
had, in consequence, become rather short; whereas Patek and Stetson 
used fresh hemophilic blood. In principle, there is no difference be- 
tween their experiments and my own. 
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le curves w Figs. 1—4 also show very clearly why Wood trans- 
fusion has such good hemostatic effect in diseases with a tendency 
to bleeding. In hemophilia, the reduction of the clotting time lasts 
a couple of days, which corresponds with the supposed viability of 
the platelets (10). ^ 



Fig. 4. Abscissa: Amount of tissue-thrombokinase added. 

Ordinate: Clotting time in minutes. 

To understand the hemophilia it is also important to know that 
there is no difference in the prothrombin contents of normal and 
hemophilic plasma. This has been shown by Eagle (3), and is con- 
firmed by my own experiments. In these I used Lehmann’s (9) 
modification of Quick’s method, the principle of which consists in 
adding an excess of thromboldnase from brain tissue to citrated 
plasma and then recalcifying. The clotting time will then depend 
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mainly on the content of prothrombin. That thrombokinase will 
make hemophilic blood coagulate as rapidly as normal blood is very 
interesting, because it shows that the substance lacking, from the 
blood in this disease is present in the thrombokinase. It has been 
believed that cephalin was identical with thrombokinase, but this is 
unhkely, because Eagle’s investigations show thatwhereas cephalin 
shortens the coagulation time of normal blood it is unexplainedly 
ineffective when added to hemophilic plasma. The cephalin must 
therefore supposed to be only one factor of the thrombokinase, while 
the other substance is perhaps precisely the same as Patek’s ))globu- 
lin», which in my opinion derives from the platelets. 


Summary. 

The investigations related by the author are based on the observa- 
tion that citrated plasma will coagulate more rapidly after rccalci- 
fication if it has first been left standing for some time at 37° C. 

The same is the case with hemophilic plasma, which after stand- 
ing for 3 hours at 37° C can be made to coagulate just as rapidly as 
normal plasma; which shows that hemophilic blood in reality con- 
tains a sufficient quantity of the substance necessary for the occurence 
of normal coagulation. The author shows that this increase in the 
coagulability of the hemophilic plasma is due to the fact that subs- 
tances hastening the clotting become liberated from the platelets 
into the plasma. 

The results of these experiments make it probable that the long 
clotting time in hemophilia is due to deficient power of the platelets 
to give off these substances, which are presumably a part of tlie 
thrombokinase complex. 


The apparatus used in carrying out the present investigation 
were placed at my disposal through the Idndness of the »Miss P. A. 

Brandt Endowment Funds, for which I express my grateful 
thanks. 
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In 1938 we gave a report of preliminary investigations on the 
type-distribution of pneumococcus-strains in pneumococcal infec- 
tions in adults (March, 1935— February, 1938) (1). As these investiga- 
tions concerned only a small number of patients, ^Ye have continued 
them up to September, 1940, ^ 

For the value of our results it is important that Ave could per- 
sonally follow the clinical course of the cases in Groningen. This 
probably contributed to keep the number of errors in the determina- 
tion of types rather Ioav, as Ave ourselves could always take into con- 
sideration and judge of the clinical significance of the types found, 
and the nature of the sputum (pharyngeal or pulmonary). Of the 
greater part of the cases from Amsterdam Ave Avere sent the clinical 
data. 

The diagnostic sera Ave used Avere sent to us by the Ledcrle Labo- 
ratories, New York and from the Robert Koch Institute, Berlin. 

lAVe are much indebted to Prof, Dr, J. G. G. Bonsl, who during the last 
tAvo years regularly provided us Avilh material for tjiring from the Binnen- 
gasthuis at Amsterdam. The figures finally resulting mainly represent the 
distribution of cases from the toAvn and province of Groningen and from 
Amsterdam. 
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Remarks on the technique of pneumococcus-typing in 

sputa and pus. 

Increasing experience in pneumococcus-typing has taught us the 
following: 

1. The Neufeld method is indispensable, especially in material 
sent from elsewhere, in which sputum and saliva are often thoroughly 
mixed up, and cleaning of the flakes by washing is difficult. We did 
not find this procedure give inferior results in forwarded sputa as 
compared with those obtained in sputa collected at the place of 
examination and imme^ately worked up. We only found some- 
times the fonvarded material not to be lung sputum at all, but 
pharyngeal mucus (Gram-staining). 

Every sputum must he kept in the ice-chest, in order to ailowol 
making a control preparation by the Neufeld method after the type 
has been determined by culture or mouse-inoculation. 

2. The technique of immediate inoculation of well-washed spu-. 
tumflakes in serum broth, in order to obtain rapidly a selective 
growth of pneumococci, has been practised to our great satisfaction. 
We only often found type III not to grow as well on first inoculation 
in serum-broth as on the blood-agar plate. 

3. Of fonvarded samples a mouse-inoculation must be done, when 
the type cannot be immediately determined by the Neufeld method, 
as one cannot easily obtain another supply of the sputum from 
elsewhere in case the culture fails. 

4. The type-determination in a culture by means of slide-agglu- 
tination with mixed test sera sometimes gives difficulties, as some 
sera do not keep a sufficient titre after dilution with three or four 
other sera. This also holds for the capsular swelling, but in most of 
the cases very satisfactory swelling is obtained with mixed sera. 

5. A type diagnosis may only be based on the production of 
capsular swelling, as agglutination with undiluted sera is not always 
specific. Kaufmann (2) recently has analysed a great number of 
strains closely related to the Cooper types. His work had not been 
published at the time of our investigations. 

6. Capsular swelling often fails to produce itseK when large 
amounts of pneumococci are taken from a culture, so that this 
phenomenon must be looked for with only a few organisms on the 
slide. 
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The mixed sera in use were composed as follows, laldng in view 
tlie distribution of types we bad found in this country; 111) 

_ M 5, 7) — (6, 8, 9, 12) — (10, 11, 13, 16) — (14, 15, 18, 19) 

17, 20, 21, 22) — (23, 24, 25, 27) — (28, 29, 31 , 32), 

Typed. The capsule of type 5 is often very narrow. Tins makes 
the picture with mixed sera often indistinct. With none of the types 
we had so much trouble in determining them as with type 5. This 


holds both for the American and Berlin sera. 

Type 19. Of this type a number of variants was found with a 
serum provided for us by the Robert Koch institute Berlin (there 
called type )>33» — serum). F. Kaufmann from the stale scrum in- 
stitute Copenhague on account of an absorbtivc-test slated one of 
these variants being probably identical with his newly described 


type 19A. 

Growth with fi-haemolysis. This is very distinct in some strains, 
and especially frequent in type 5. We further saw it once vcr>' 
intensely in type 7 in a blood-culture, which at first led to an erron- 
eous diagnosis of haemolytic streptococci. In type I, loo, we once 
observed it. 


Mixed infections. These always cause much Iroulile to the exa- 
miner. How much care is generally required in examining sputum 
for pneumococci, is illustrated by the following case from the Bin- 
nengasthui.s at Amsterdam; 


Male, age 22. Pneumonia in right lower lobe. No blood-culture. The 
Neufeld preparation gave type II, as did llic culture on blood-agar jilale 
and in serum-broth. In the Neuleld preparation will) type II serum howe- 
ver, we also saw some individual cocci without capsular swelling. A mouse, 
injected with sputum mixed with anti-II .serum, died of sepsis by pneumo- 
coccus type I. The types I and 11, therefore, were both present in the 
sputum. It is therefore that in routine practise it is belter not to mix 
type I-serum,as being the most important onc,with serum of type II and III. 

It goes without saying that such mixed infections can easily be 
overlooked in routine practice. Gundel even supposes that lobar 
pneumonia is exclusively caused by tlic types I, Hand HI, and that 
the finding of higher types in tliis disease should be the result of faulty 
technique, by which tlie first-mentioned types should have been 
overlooked (3). We can only partially sustain this opinion, and arc 
convinced of the possibility of the types 4, 5, 7, 8, 9 and 12 causing 
real lobar pneumonia. The types, 5, 7 and 9 we also found in the 
blood of pneumonia patients. 
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Tabic 1. 

Distribution of the pneumococcal types in Ilollancl (adults) (March 1935— Sept 
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The small figures to the right above the numbers denote the number of find- 
ing of Uvo types simultaneously. 


♦ Including serological variants (probably mostly tj^e 19 A of Kaufmann). 
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Table 2. 


Distribution of the pneumococcal types in pet. in various pneumococcal affec- 
tions in adults (March 1935— Sept. 1940 Holland). 


Diagnosis 

No. of cases 

Pneumococcal types in pet. | 

I 

II 

III 

4 

5 

(> 

7 

8 

S- 

9 

-32 

12 14 

Lobar pneumonia 

304 

58.5 

12.0 

90. 

2.5 

fi.5 

0 

9.5 

1.0 

1.0 

l.o|o.3 

and empyema 












Broncho-pneumonia 

G4 

0 

10.0 

IC.O 

5.0 

0 

5.0 




.. 

Bronchitis group 

79 

0 

1.5 

IC.O 

0 

0 

13.0 

3,5 


GO 0 

Meningitis 

38 

2G.5 

0 

10.5 

5.0 

3.0 

S.O 

5.0 


42.0 


The distribution of types in the various pneumococcal 
affections in adults. 
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Table 3. 

Distribution of pneumococcal types in cases of otitis media and 
(0—20 years old) (B, W. L. Siemens). 


mastoiditis 


Disease 


Pneumococcal types (No.) 


Acute otitis and 
mastoiditis 
(0 — 20 years old) 


130 


I 


18 
(M pet) 


II III 


GO 

(4G pet) 


14 


17 


19 * 


;2o 


18 
(14 pci)] 


,23 


27 


* and variants. 


complement-fixation titres and liigh mouse-protective values were 
found in the serum against the influenza-virus strain WS, so that it 
can he taken for certain that in Amsterdam — as was the case at 
Groningen — at the time an epidemic of respiratory virus-influenza 
prevailed. 

Of great importance is the fact that in an influenza epidemic, 
too, the more virulent pneumococcal types prevail in pneumococcal 
affections of the lungs. Apparent!}' the carriers of these types run a 
greater risk of getting commensal infections secondar}' to their in- 
fluenza, than the carriers of the less virulent higher numbered types 
of Cooper. 

Bronchopneumonia. A diagnosis as exact as possible of broncho- 
pneumonia or focal pneumonia was aimed at. Forms merging into 
lobar pneumonia (»confluent)> bronchopneumonia) were sometimes 
observed. Ty^ie I does not occur in this group; type 11 was occasion- 
ally seen in tj'pical focal pneumonia, as "was type III. The higher 
types were frequently found. 

Purulent bronchitis {acute and chronic). Type I is absent. The 
higher types prevail in number especially type 19 (including vari- 
ants). Their parasitic nature is far from being established. Pwe 
cultures are rare. 

Meningitis. Type I prevails in number. Higher types are often 
found, among wdiom type III and 18 are the most important. 

Peritonitis. Type I takes the main place. 

Otitis media. A recent extensive study of the bacteriology of 
acute purulent otitis and mastoiditis was made by Siemens in the 
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oto-bryngological Hospital at Groningen. (4) Among 300 

fold 130 timi pnenmococoi (43 pci). 163 times haemolyfo strepto- 

rocci (54 %) and 8 times haemopMus influenzae (3 pci). 

The distribution of the pneumococcal tj^es among his cases is 
given in table 3. The high frequency of type III m otitis is a long- 
Lown fact that remains of much interest. Of further interest is t le 
frequency of the type 19 (inclusive variants) which is especially 
found at very early ages. It is also important that the typc-distn- 
bution in otitis and in purulent meningitis do not run parallel as to 


type III. 

Indefinable types. Among the 560 strains, 17 (3 pel) could not he 
defined. The types 25, 27 and 32 were not met with among our 560 

strains (Siemens once found type 27). 

The type distribution we found in pneumonia and empyema of 
adults agrees with the findings of Bullowa in New York (3389 
cases). (5) He found type II in 8.5 % of Ws cases. In America the 
types 8 and 14 are of more importance than in Holland. 

As newly we received the diagnostic sera of the types 33, 34, 35, 
36, 37 and 38, established by Kaufmann, the number of undcfinable 
types may in future be reduced. 


The importance of typing pneumococci. Before the introduction of 
chemotherapy witli sulfapyridine, typing ivas of much use for the 
rapid application of specific antiserum. Serum tlicrapy is now only 
indicated in severe septic cases of pneumonia, in cases which don't 


respond to sulfapyridine or suKathiazole and in purulent pneumo- 
coccal meningitis. 

As at present both in America, (Ledcrle, New York) and in Den- 
mark (State Serum Institute, Copenhague) rabitt sera arc available 


against the higher types of Cooper, one is obliged to determine these 
higher types, too, in the cerebrospinal fluid by the Neufcid method. 
We found this to be quite well possible with the aid of diagnostic 
mixed sera. Thus we found without difficulties in a short time once 
type 23 and once type 14. For tliis the cerebrospinal fluid must 
•contain a sufficient number of pneumococci. At Groningen we dis- 

m this country some cases have become too™ ot meningitis linallv 
cared by a combined treatment ™th sulfapyridine and sefum ( r ' 
As a direct result ot the figures obtained one c.a„ say that typing 
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IS of great theoretical importance. Any theoretical consideration of 
the pathogenesis of the various pneumococcal affections of thelunp 
must necessary take into account the differences in type distribu- 
tion between the individual morbid conditions. 


Summary. 

1. From March, 1935 to September, 1940 in Holland 560 pneumo- 
coccus strains were typed from various pneumococcal infections in 
adults (over 12 years). 

2. The Neufeld method and direct inoculation of a thoroughly 
washed sputum flake in serum broth are recommended for rapid 
typing. 

3. Sent-in sputa must be inoculated into mice when the type is 
not found by immediate typing. 

4. Capsular swelling must be demonstrated for determining the 
type. Slide agglutination is not always specific. 

5. In lobar pneumonia and empyema type I takes the first place 
with 58.5 pci as a causal organism. Then follow the types II (12pcl), 
7 (9.5 pci), III (9 pci), 5 (6.5 pci) and 4 (2.5 pci). The higher types of 
Cooper are practically of no significance in lobar pneumonia. In 
meningitis the types I and III prevail, but higher types are relatively 
frequent. In bronchopneumonia and bronchitis type I is absent; type 
II, III and 6 are rather frequent here, and so are the higher types 
of Cooper. 

6. 3 pci of the 560 strains could not be typed with Lederle diag- 
nostic sera. The types 25, 27 and 32 did not occur among the 560 
strains. 
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Benzol and the blood picture. 

A collocation of the literature and a case of chronic benzol 

poisoning. 

By 

TOIVO STENSTAM. 

(Submitted lor publicatvou Juuc 22ud 1942). 

In 1898 Santesson’s paper )>Cases of clironic poisoning with coal 
tar benzene# was published. Since then many investigations and 
descriptions of chronic benzol poisoning have seen the light of day, 
Hamilton says that Santesson has become a classic tvithin the 
literature on benzol poisoning. Hamilton’s excellent monograph 
has itself become a classic. Unfortunately it only comprises 
literature up to 1930. The following paper attempts to collocate 
later literature also. 

Chemistry and poisonousness. 

Benzol is the mother substance of the majority of aromatic compounds 
and plays an enormous part in the chemical industry, above all in the 
manufacture of dyes and explosives. Benzol consists of a liquid hydrocar- 
bon, which is formed when organic substances are heated, and is present 
in coal tar and coal gas. Crude benzol also contains toluol and smaller 
quantities of xylol, cumol and cymol. Pure benzol is a mobile fluid, clear 
as water, with a strong etheric smell, congeals at 0° and boils at c. 80°. 
Benzol is difficult to dissolve in water, 1000 parts of water dissolve 0.8 
parts of benzol at 22°. Its solubility in serum is somewhat greater. Benzol 
is a good solvent of volatile and fatty oils, camphor, rubber, alkaloids, 
phosphorus, sulphur, bromine and iodine. In commercial benzol there is 
always thiophen, the boiling point of which is about 84°. 

S — Acta med. scandinav. Vol. CXIL 
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Cases of acute poisoning are most frequently due to accident 
The symptoms manifest tliemselves in headache, vertigo, difficulh- 
in breathing, and by degrees a state of excitation, and finally uncon- 
sciousness and death owing to paralysis of the respiration centre. 
Patliological anatomical findings are very sparse. Robert expresses 
this in the words »a poison which can kill wthout causing severe ana- 
tomical changes)). In the internal organs small hemorrhages can 
beobserved. Several authors consider it characteristic that the 
blood is able to remain fluid for a long time, vdth no signs of hemo- 
lysis. Individual susceptibility is verj' varied. ' A short contact 
with benzol may result in death, while in other cases a person who 
is exposed to the poisonous effect for a longer time escapes. The 
point of attack for benzol is said to be the central nervous system, 
the peripheral vasomotor and tlie myocardium (Charlier 1939). 
Pure benzol is stated to be about 6 times less poisonous than the 
crude commercial commodity'. The toxic effect is said not to be 
due to the thiophen content, but to products belonging to a fraction 
witli a boiling point about 80.-1 — 81.2°. 

In experiments on animals a concentration of 20 mg of benzol 
per litre of air proved to cause restriction of movement in the ani- 
mal, while a cone, of 40 mg per litre of air rendered the animal quite 
unconscious. In experiments with guinea-pigs, Peronnet (1935) 
found that 20 mg of benzol per litre of air induced sleep within 5 min. 
The blood concentration was then 2.6 mg %. With a lower benzol 
content, sleep w^as not induced until after a longer period. The 
blood cone, had then attained the same value. 

In experiments with dogs and cats wliicli had to inhale a benzol 
atmosphere of 9 mg of benzol per litre of air, Lehman could find no 
changes in dogs even after 4 weeks’ experiments. As a rule the cats 
developed lung affections after 3 — 1 days and died. 

In investigations in different industries an atmosphere contain- 
ing 100—125 parts of benzol per million proved to have no effect on 
the blood picture or inorganic sulphates (Da\ds 1940). Earlier 
investigations show^ed that a cone, of 10 per 10,000 involved a risk 
of fatal poisoning. 

The melabolism of benzol. 

Outside the organism benzol can be oxidized to carbon dioxide, 
oxalic acid and fatty acids. Some of the benzol which is taken up by 
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the organism is removed by way of the respiratory channels. Within 
the organism the benzol molecule must either be slit up or oxidized 
and then combined with sulphuric acid or glycuronic acid. As a 
rule substitution derivates are attacked more easily than benzol. 
The metabolism of benzol within the organism has been an obscure 
matter. Naunyn-Schultzen (1867) proved that some of the benzol 
changes to phenol. Jaffe (1909) showed another way of breaking 
down benzol in that the organism split the benzol ring into muconic 
acid, which was later excreted with the urine. The quantity of 
muconic acid excreted amounted, however, only to 0.3 % of the 
original quantity of benzol. According to Jaffe, considerable 
quantities of benzol are broken down into muconic acid, but this 
latter is then rapidly oxidized. According to Thierfelder and 
Klenk (1924), if the benzol was introduced intraperitoneally a 
quicker resorption was obtained and a larger amount of muconic 
acid; about 3.7 % of the original amount of benzol, was excreted. 
The organism then has not time to break down the more rapidly 
formed muconic acid. Fuchs and Soos (1916) were able to esta- 
blish the presence of muconic acid in patients who received benzol. 

Mori (1918) and Neumacher (1922) were not able, however, to 
confirm the rapid oxidation of the muconic acid, about 73 % of 
muconic acid, which was administered subcutaneously, being excret- 
ed. Drummond and Finaz (1938) have further studied the beha- 
viour of muconic acid within the organism. Muconic acid met wdth 
in urine consists of the trans-trans form. The cis-cis form which 
appears when benzol is oxidized would have been expected. If the 
different acids are administered subcutaneously about 50 % of them 
is excreted in the urine. No change from the one to the other could 
be established. In animals treated vdth benzol a change from the 
cis-cis form to the trans-trans form could take place. 

The destruction of the benzol ring within the organism is still 
obscure. 

Gadaskin (1928) was able to prove the presence of benzol in the 
blood after administration by infiltration, subcutaneously and per 
os. K was proved most rapidly after the first-mentioned method of 
administration. The benzol was partly converted into phenol, and 
the poisoning picture was said to have been due partly to benzol 
and partly to phenol. After the administration of benzol, Tscherni- 
kow and his co-workers (1931) Avere able to establish the presence 
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of phenol in the blood. The liver of cats, rabbits and fish oxidized 
benzol to phenol in irrigation experiments. In frogs phenol could 
be found even after liver extirpation, so that it is probable that other 
tissues are also able to oxidize benzol. According to Gueffroy and 
Luce (1937), with the inhalation of benzol a transient retention 
arises in the excretion of ether sulphuric acids in the urine, which 
are later excreted to an increased extent. Schrenk, Yant and Sayers 
(1936) and Kammer, Isenberg and Berg (1938) attach great 
importance to this increase in ether sulphuric acids, and are of 
the opinion that a decrease in the inorganic fraction of sulphur 
in the urine of 20 — 30 % is pathognomonic of benzol poisoning. 

As an example of the effect of benzol on other tissues may be 
mentioned the investigation of Underhill and Harris (1923), which 
showed that benzol influences the metabolism of the muscles, 
which is reflected in a great increase in the excretion of creatine 
and the excretion of total-N immediately after the subcutaneous 
administration of benzol. According to Hess (1935) the splitting 
up of carbohydrate in the liver is also increased. 

Palladin and Ferdmann had already shown that phenol is 
detoxicated better on an acid diet. Braunstein, Parschin and Chali- 
sowa (1931) and Hunter (1939) point out the influence of diet on 
benzol metabolism. Acid diets have a more neutralizing effect. 

Several papers have been devoted to the influence of vitamin 
C on benzol intoxication. As a rule lowered values of ascorbic acid 
excretion in the urine are given. The ascorbic acid values in the 
blood are also said to be reduced. Friemann (1936) considered the 
low ascorbic acid values to be a »fruh)> symptom in benzol poisoning. 
According to Hagen (1938) and Meyer (1937), ascorbic acid could 
prevent injury’^ and even repair injuries which bad already been 
caused in experiments on animals. In Friemann’s experiments on 
animals the fall in leukocytes was absent in the animals which had 
been treated with ascorbic acid, at the same time as the blood- 
forming organs remained intact. Bormann (1937) was only able to 
estabbsh that the animals treated with ascorbic acid lived longer 
than those not so treated. The chronic poisoning picture could not 
be prevented, however, only postponed somewhat. 

According to Danielopolu, Marcon and Gingold (1936), luminal 
has a checking effect on benzol intoxication. 
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Trade groups. 

Benzol is the mother substance of the majority of aromatic compounds 
and therefore plays a very important role in the chemical industry, above 
all in the explosives, dyes and drugs industries. Benzol is also used as an 
extraction medium and a solvent in a number of industries, among which 
may be mentioned lac and rubber factories, shoe factories, the linoleum 
and imitation leather industries. In the manufacture of preserved goods ce- 
ment substance containing benzol is sometimes used. In the printing 
branch benzol is used for intaglio-printing and brominechromolithography, 
and further it is used at chemical cleaning establishments, and for the 
manufacture of certain polishing and cleaning materials. 

As a rule benzol is conveyed to the organism by way of the 
lungs, the work being performed in an atmosphere containing ben- 
zol. Poisoning can also take place if the benzol comes into contact 
with the skin, as up to 80 % of the benzol, which is fat-soluble, 
penetrates even unbroken skin. In more infrequent cases benzol 
has been conveyed by way of the digestive organs. The swallow- 
ing of small quantities by a person who was in the habit of suclcing 
up benzol in a siphon and spitting out the remainder, gave rise to a 
case of chronic poisoning, according to Direkhoff (1932). In rare 
cases it has been used as an intoxicant. 

The great majority of cases of poisoning come from rubber indu- 
stries of various kinds. Among rubber workers (32 men and 10 
women) Arnoldson and Hausscr (1938) found a moderate anemia 
in 73 %, and more pronounced anemia in 35 %. Leukopenia was 
present in 81 %. At a rubber factory Dimmel (1934) found 66 cases 
of chronic poisoning, 5 of which had fatal issues. He also describes 
mass poisoning among the women working at a condom factory. At 
a place where a solution of rubber in benzol was used for rubber 
boats, Holstein (1937) found in a third of the Avorkers typical troubles 
resembling those in chronic benzol poisoning. In 11 cases there 
was leukopenia with thrombopenia. In a similar occupation, 
Pabst (1937) found onsetting symptoms in 17 % of the workwo- 
men, in 3 cases severe anemia with thrombopenia. Laignel-Lavas- 
tine. Levy and Desoielle (1928) report a case with fatal issue in a 
woman occupied in sticking together impermeable products. 
Rohner, Baldridge and Hansmann (1926) mention a man -who cut 
up pieces of rubber in a vessel of benzol and succumbed in a hemor- 
rhagic diathesis. Vercclloti (1928) describes one case and Szekely 
(1935) five cases ending fatally in the rubber industry. Two cases 
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are given by Schneider (1931), one of wl)ich Avas fatal. During a 
4-year period v. Jagic and Khaum (1938) examined 600 persons 
wlm were exposed to benzol in rubber factories and lac-printing 
work, and found 66 cases with early symptoms. In 21 (15 women) 
a progressive hypochrome anemia was established and in 41 (33 
men) cases a granulocytopenia. In an examination of 139 workers in 
the lac-colour spraying industry Adler-Herzmark and Selinger 
(1931) found changes in the form of leukocyte decreases with granu- 
locytopenia. Cobet (1938) describes a case of chronic benzol poi- 
soning as a result of enamelling rvork. According to Lande and 
Kalinowslry (1928), benzol-lac gives rise to a picture resembling 
leukemia, and according to Lederer (1932) to a form of illness 
resembling Morbus Gaucher. Among 39 workers in intaglio-printing 
Adler-Herzmark and Selinger often found depression of the cr}dhro- 
cytes, and in a mass poisoning among workers in intaglio-printing, 
Ehrhardt (1936) found 12 persons with leukopenia, in the majority 
of cases lymphocytosis and thrombopenia, but no hemorrhages. 
Andersen (1934) describes a case of benzol poisoning in workers 
in bromine cbromolitliography. In an examination of printers. 
Broclier (1929) found tAVO cases of pronounced benzol poisoning. 
Gray, Greenfield and Lederer (1940) report a case in a colour- 
printing Avorker. In Arnoldson and Hausser’s statistics of 280 men 
employed in the intaglioprinting industry anemia Avas found in 
65 %, among AAdmm it aa'Us more pronounced in 35 %, and leukope- 
nia in 74 %. Glibert (1936) gives an account of about 50 cases, one 
of them Avith neurological symptoms, Avliich had originated from 
mirror enamelling. Torday (1935) and Stodtmeister (1938) each 
report one case of benzol poisoning in printers. Broclier (1929 addu- 
ces .slightly increased erythrocyte and leukocyte Amiues in a large 
number of printers as a preliminary stage to the aplastic phase. 
From an alkaloid factory Avbere benzol is used as an extractive 
Mitznik and Gcnkin (1931) describe 7 cases of chronic poisoning. 
Gall (1938) mentions a leathcr-Avorker Avho used benzol prepara- 
tions for 4 years and succumbed from gastric hemorrhage. From a 
shoe factory Lamy, Kissel and Pierquin (1938) report 11 cases ai4io 
became ill when a new adhesive containing benzol Avas first used, 4 
of them dying. 

In an examination of 60 men and 16 Avomen employed in facto 
ries whose products contained benzol, Nikulina and Titowa (1934) 
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found a thrombopenia in 58 men and 15 women. Leukopenia was 
present in 50 % of the cases, anemia only in a few cases. Monte- 
grosso (1938) reports 4 cases of chronic benzol poisoning, and 
Hunter (1939) reports 89 cases of chronic exposure to benzol. 


Sympiomaiologij. 

The commencing s 5 unptoms are not pronounced and are capable 
of various interpretations. The patients usually complain of 
headache, fatigue, vertigo, poor appetite and sleeplessness. Some 
of these symptoms can be explained bj’’ simultaneous anemia. By 
degrees a pallor appears which is noticeable even to the associates 
of the person in question. Cutaneous hemorrhages appear from 
the most insignificant trauma. Hemorrhages begin to appear from 
the mucous membranes, often as troublesome bleedinge from the 
gums, repeated nose bleedings, increased and more frequent men- 
struation. In advanced cases also hemorrhages from the digestive 
canal, and in rare cases also from the retina. 

In the cavity of the mouth necrotic ulcerations are often observ- 
ed and are due to secondary infection, owing to the decreased leu- 
kocyte defence of the tissues. Fever is often observed and is partly 
due to secondary infection, but in many cases without infection. 
The fever curve can sometimes assume an undulating course and 
may probably be considered a bone marrow reaction. Ask-Upmark 
(1938). 

From the circulation organs palpitation of the heart and breath- 
lessness are chiefly noticeable in the first place and are partly due to 
the anemia. Mignolet (1939) gives prominence in particular to 
hypotonia as characteristic of benzol intoxication, which, according 
to Dautrebande, paralyses the vasomotor. Animals treated with 
benzol cannot react AHth blood pressure increase after the admi- 
nistration of adrenalin, as do animals which have not been treated, 
. From the respiratory organs, dryness in the pharynx and 
throat are often indicated, Gigon mentions frequently jnonounced 
redness of the mucous membrane of the mouth. Mitznik and Gen- 
kin (1931) found several cases of bronchial asthma among benzol 
workers. 

Among digestive symptoms, loss of appetite is most frequentl}' 
indicated. Vomiting sometimes occurs. Mignolet considers that he 
found strikingly many cases of dental caries among benzol workers. 
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Examinations of the gastric juices usually showed that hypochylia 
was present. Weil-Aschkenasy (1938) usually found hypochjdia 
and in some cases histamine refractory achylia. Disturbances of 
the liver are stated to be usual, particularly among rubber workers, 
according to Arnoldson and Hausser (1938). 

The endocrine organs may also be affected. In an examination 
of Viennese workmen, Adler-Herzmark and Selinger (1931) obseived 
a strildng number of cases of Basedow^’s disease. Itching of the skin 
is often indicated, and eczema sometimes occurs. 

In the majority of cases chronic benzol poisoning leads to injury 
of the blood-forming organs, affording a symptom picture resemb- 
ling that of aplastic anemia. In certain cases a stimulation of bone 
marrow, an increase in certain elements, and even a change to 
leukemia can also be observed. Penati and Yigliano (1938) indicate 
four possibilities of blood changes, 1) aplastic anemia, 2) hypo- 
plastic anemia, 3) atypical aplastic anemia with hyperplasia in the 
liver and spleen, 4) genuine leukemia. The blood symptoms group 
themselves mainly round the triad anemia, purpura and granulocy- 
topenia. 

As a rule anemia is a late symptom. No relation appears to exist 
betv'een crythropenia and leukopenia. Generally the anemia is 
moderate. Hamilton (1931) reports only 15 cases out of 70 with 
anemia below 1 million red blood corpuscles. The majority of aut- 
hors mention poikilocytosis and anisocytosis. Hunter (1939) and 
Hanflig (1927) observed strikingly different sizes and in particular 
small forms. On the other hand Gall (1938) found unusually many 
macrocytes. According to Whitby and Britton (1937), the changes 
in the size of the blood corpuscles are only inconsiderable. Sometimes 
an erythroblast or two can be observed. As a rule there is no poly- 
chromasia, and the reticulocytes are very'^ scanty, a sign of the redu- 
ced erythropoiesis. 

The hemoglobin falls almost parallel with the erythrocyte 
values. The colour index is usually about 1 or somewhat above 
that, according to Hamilton. Later authors, such as Arnoldson 
and Hausser (1938) and Weil and Aschkenasy (1938), usually 
found indexes above 1. In Mignolet’s series also the index was raised. 
If the anemia is increased, the index also rises as a rule. (Smith 
1928). 

One of the most characteristic features is the pronounced leu- 
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kopenia. The values are usually between 1000—2000 per mm, but 
in severe cases may approach nil. It is above all the granulated cells 
which are reduced and sometimes disappear entirely. If any infec- 
tion with suppuration should appear, they ma}^ be increased tem- 
porarily. According to Gall, myeloblasts and myelocytes are some- 
times met with, and this has also been observed by Hunter and 
Hanflig and by Matthes (1937). 

Opinions are divided as regards the eosinophil blood corpuscles. 
Meyer (1931) considers cosinophilia characteristic of chronic benzol 
poisoning. Weil and Aschkenasy and Glibert (1936) and Huntei 
(1939) considered that cosinophilia was often present and indicate 
early marrow injury. The figures for cosinophilia, which arc often 
given are, however, of but little significance for genuine cosinophilia. 
Nor does Mignolet consider that there is any increase, if the absolute 
figures are taken. The significance of the eosinophil blood cor- 
puscles is a matter of dispute. According to some it is a bad sign, 
according to others a sign of rccovciy. ^Yeil and Aschkenasy con- 
sider the occurrence of cosinophilia more pronounced in men. 
Thanks to their chemical constitution, the eosinophil blood cor- 
puscles have greater powers of resistance than tlic other leuko- 
cytes. 

Meyer (1931) often established increases in the basophil ele- 
ments and the appearance of plasma cells. Paul, Friedlandcr and 
McCord (1929) state that an increase in the basophil blood corpusc- 
les is an early symptom. The number of thrombocytes is decreased 
as a rule, which is one of the classic symptoms. Mignolet considers 
that it is one of the earliest symptoms. Nikulina and Titowa (1934) 
are of the same opinion. Kern (1938) describes a case of isolated 
thrombopenia in chronic benzol poisoning, where the blood picture 
was only slightly depressed for the rest. It is particularly in tlie 
final phases that the low values are met with; sometimes they may 
disappear entirely. 

The coagulation-time is stated to be protracted as a rule. Accord- 
ing to Mignolet, the prolongation is an early symptom and may 
possibly remain long after tlie majority of other symptoms have 
receded. The osmotic resistance is normal. 

Among other results of blood-urine examinations, the calcium 
values in the blood are stated to be reduced, and a decrease in the 
inorganic fraction of the sulphur in the urine is indicated. A de- 
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crease to 70—80 % in the inorganic fraction of the total sulphur 
is said to he significative of chronic benzol poisoning. ' 

It is in the first place the acute poisonings which present severe 
neurological symptoms, in the form of headaches, delirium, clouds 
ing of the mind, and finally unconsciousness. The chronic poison- 
ings also present neurological symptoms. The patients complain 
of sleeplessness, trembling, twitchings of the muscles, a general 
feeling of depression, sometimes of sleepiness, and are often stated 
in the case-books to be asthenic. Strikingly often they are intoxi- 
cated with minimal quantities of alcohol, as e. g. after a glass of 
ale. 

Among the more unusual observations, Korvin (1933) describes 
a case of epilepsy in connection with chronic benzol poisoning. 
Korvin cites a case described by Goldman of a retrobullar neuritis. 
Gilbert (1936) adduces a polyneuritis picture, and Lande and 
Kalinowski (1928) a case of medianus neuritis in a patient who had 
used benzol on his arms and hands. Kern (1938) also quotes a neu- 
ritis in n. ischiadicus and paratysis of the extremities, probably 
arising as a result of purpura cerebri. Bumke mentions the occur- 
rence of funicular myelitis. Gilbert and Albrecht (1932) each report 
a case of papillary stasis. In the former case even a relieving tre- 
panation was performed. 

The explanations have in general been considered to be purpura 
hemorrhages in different places in the nervous system. According 
to Korvin, benzol directly injures nerve elements. 

Among more unusual sjrmptoms may be mentioned a picture 
resembling Morbus Gaucher, described by Lederer (1932). Mallory- 
Gall-Brickley (1939) point out that although splenomegali was 
rarety apparent clinically, the spleen was often enlarged at autopsy. 

Course. 

The majority of authors consider women and younger persons 
more susceptible to the influence of benzol than men. More recent 
authors also hold similar opinions. Adler-Herzmark and Selinger 
(1931) consider anemia more usual among women, w^hile men recover 
better. Osgood (1932) and v. Jagic and Khaum (1939) are of a 
similar opinion — that anemia affects women more often, while 
leukopenia more often affects men. Dimmel (1933) and Hunter 
(1939) do not consider w'omen more susceptible than men. Mallorj’’- 
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Gall-Bricldey ( 1939 ) consider hyperplastic reactions occurring more 
commonly in males, hypoplasia in females. Pregnancy has been 
thought to increase the susceptibility of the organism to benzol 
intoxication, and also chronic infections. The fact that women 
are more often attacked Engelhardt ( 1931 ) considers to be con- 
nected with their more frequent employment within these occu- 
pations. 

There is a great individual variation in the susceptibility to 
benzol. The indmdual degrees of susceptibility, the duration and 
the degi-ees of concentration will of course determine the intoxication. 
Some consider that if susceptibility is present, it should show itscK 
with the first few years, and that a long exposure should lead to a 
certain poAver of resistance. Hunter thinks that it is impossible to 
become inured. In Schneider’s case deterioration of the blood did 
not take place until after 35 years’ work within the same industry. 
Different figures arc given with regard to the lime benzol requires 
to give rise to intoxication. The minimum Lime is naturally of the 
greatest interest. Santesson mentions periods from one week to 
several years. One of the cases who had only worked with benzol 
for some weeks succumbed, while those who had been exposed for 
several years escaped, which again emphasizes the gi-eat variations. 

Benzol poisoning is extremely insidious. Even if persons have 
been removed from its noxious influence and received treatment, 
relapses may be mot with. Brochcr (1929) cites a case whicli reco- 
vered at first, but after 2 months fell ill again with hemortrhagic 
diathesis and succumbed. It is very often stated that the symptoms 
began after the patient had left the dangerous occupation. Santes- 
son observed how in 4 cases the hemorrhagic diathesis did not 
appear until after they had ceased to Avork in the factory. In 
Selling’s first case — a Avoman — the symptoms did not appear until 
after she had given up her work. In one case Cobet (1938) men- 
tions explicitly continued deterioration, in spite of the Avork having 
been given up. Rohner, Baldridge and Hansmann (1926) mention a 
case Avhere hemorrhages appeared 2 Aveeks after the cessation of 
work. Dimmel (1934) also cites a case Avherethe symptoms appeared 
3 Aveeks after the cessation of work, in spite of Avhich death took 
place within a Aveek. Stodtmeister describes a case aa^ucIi rccoA'crcd, 
but had a severe relapse after 2 years. Berg (cit. Scliultcn) men- 
tions a patient Avho Avas employed from the age of 18 to 28 in benzol 
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work but then gave up that occupation. At the age of 38 the patient 
was attacked by severe anemia with hemorrhagic diathesis. Thus 
in respect of the possibility of exposure to benzol, it was necessaiy 
for the anamnesis to go sufficiently far back, men using benzol as 
a therapeutic in leukemia, Koranyi (1912) also observed how the 
wliite blood corpuscles continued to decrease in number, although 
the benzol was stopped. 

As a rule the course is chronic, and recovery takes place slowly 
and is sometimes interrupted by temporary setbacks. In cases with 
a fatal issue the duration after the onset of symptoms usually varies 
from 1 — 3 weeks. In Santesson’s collocation the shortest period 
was 10 days. Martland describes an acute case with a duration of 
only 5 days, and Dimmcl cites a case wiiere death took place 10 hours 
after the acute symptoms liad appeared. Rises in temperature are 
often met with, particularly in association with relapses. Infections 
need not be present, and blood cultures are negative as a rule. 
By w'ay of explanation, the absorption be of breaking-dowm products 
has been given, but it might also be due to bone-marrow^ reactions, 
(Ask-Upmark). If the ease recovers, the blood picture does not 
become normal until after the lapse of months, and sometimes a 
thrombopenia or changed coagulation time remains as a residuum. 

Putt, analomy. 

Tlianks to its lipoid solubility, benzol is concentrated principally 
in the bone-marrow' and brain. Schneider (1931) considers that 
there is a connection betw'een lipoid metabolism and sensitivity to 
benzol. Women, Awth their more developed subcutaneous layer of 
fat, are more sensitive to benzol than men. Schneider also calls 
attention to a case w'here the benzol intoxication seemed to appear 
in association w'ith a great increase in w'eight. 

The typical blood changes accompanying benzol intoxication 
are due to changes of a degenerative nature in the bone-marrow'. 
With aplastic conditions in the bonemarroAv there is most fre- 
quently an aplasia of all the bone-marrow elements. Various sub- 
stances, how'ever, liaA'e different affinities wdth different bone- 
marrow' elements, and it is possible to meet w'ith injuries w'hich 
only affect certain forms of cells. In the case of benzol injuries, 
leukoblast and thromboblast tissue is as a rule attacked in thefirst 
place, and erythroblast tissue last. Baserga is almost the only one to 
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so-called leukocyte rain, may be obtained in aplastic conditions and 
partly hyperplastic marrow areas. In cases of benzol poisoning the 
appearance of immature forms of leukocyte.s is sometimes met-s\it]) 
which is said to originate from such bone-marrow areas. 

During recent years a large number of sternal punctures have 
been effected in cases of benzol poisoning. As a rule an aplastic 
marrow has been found, but in not a few cases hyperplastic reac- 
tions have been met with. Matthes found an aplastic marrow in 2 
cases. In a classic case Budelmann (1938) found sa marrow not all 
too poor in cellsi>. In a case which improved, but later disimproved 
spontaneously, Stodtmeisler (1938) observed a marrow with 
abundant cells but numerous immature forms. Weil and Aschke- 
nasy, who made several sternal punctures, found a tendency to 
aplasia already in the latent cases, in men most frequently a par- 
tial tendency to aplasia witli a tendency towards lymphoid reac- 
tion. Myeloid reaction was observed only once and crjdhroblast 
reaction twice, the latter in women. Lamy, Kissel and Pierquin 
(1938) found aplastic marrow in the severe cases, in the milder 
cases only a decrease in the granulating elements and, if an}i;hing, an 
erythroblastic reaction. Perrin, Kissel and Pierquin (1938) speak 
of an acute case in which the sternal puncture showed an increase 
of the myeloid elements. In his monograph on sternal punctures 
Rohr (1940) states that in benzol injuries aplastic marrow is most 
frequently found, but in a number of cases hyperplasias with increa- 
ses in myeloblasts and erythroblasts. The myelogram is very va- 
luable when it is necessary to make a diagnosis, but still more 
important for making the prognosis. Rohr saj'^s, hoAvever, that 
the atrophies may be scattered in foci and perhaps not appear in 
the punctate, and that hyperplasia and atrophy may vary in diffe- 
rent places. 

The importance of the constitution factor has been repeatedly 
emphasized, at the same lime as attention has been drawn to the 
importance of previous affections of the reticulo-endothelial appa- 
ratus, which have created a more favourable point of attack for later 
injurious agencies. 

In parenchymatous organs the occurrence of fat metabolism 
and degeneration is often mentioned. Hemosiderosis is not usual, 
but is described in a number of cases. In his case Direkhoff (1932) 
established great deposits of pigment in the liver and spleen. He- 
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mosiderosis might be explained as due to hemoiThage in the tissues. 
The resorption of hemorrhages would lead to the deposition of iron 
in the ret. endothelia apparatus. The destruction of blood corpusc- 
les which had been transfused may also give rise to siderosis. 
According to Gall, it would be explained by the depressed marrow 
not having been able to utilise the iron released by the dcstructed 
blood corpuscles to produce sufficient blood corpuscles. It is possible 
that the bone-marrow could only produce erythrocytes which were 
not quite perfect but were more rapidly destroyed. No change 
in quantitative fragility test has been met witli, however. 

Experimenis on animals. 

The first experiments on animals were made by Santesson, who 
administered benzol and benzine to the animals, partly subcuta- 
neously by injection, and partly by means of compresses, and 
finally by inhalation. In the last-mentioned case no effect was 
observed. The blood values are not stated, but on the other hand 
he found hemorrhages in the pleura, lungs and mucous membranes. 
Many experiments have been made on animals since that time. 
In general the method indicated by Selling has been employed, and 
mixtures of equal parts of benzol and olive oil injected. The doses 
have been relatively large; 0.5 — -1 — ^2 cm^ daily for some weeks. 
Wallbach (1932) has tried to titrate out the smallest dose which is 
necessary to obtain depression in the white blood picture. The 
minimum dose appears to be about 0.1 — 0.2 cm^ Smaller doses 
did not decrease the number of leukocytes. Beyer (1933) was un- 
able to evoke any changes with 0.01 cm^. 

As a rule rabbits have been used as experimental animals. 
According to Wallbach (1932), benzol was only able to give rise to 
leukopenia in rabbits and dogs, but on the other liand not in gui- 
nea-pigs, mice or fowls. Attention is constantly . called to the 
great individual variation. Pappenheim stated that benzol does 
not appear to affect certain breeds of rabbits. Neuman (1915) and 
Schillowa (1933) also emphasize the great difference in the mode 
of reaction, in that some develop leukopenia, others no changes, 
others again leukocytosis. ° 

What is characteristic of the blood clianges is the appearance of 
a leukopenia, which whh Selling’s method appears already after 
a few days, and after six days a decline in the leukocytes of 70 % 
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can Le expected. Even after a single dose a leukopenia may be in- 
duced, which does not persist, however, unless the injections arc 
continued. If the injections are interrupted, a slight increase in the 
leukocytes is obtained, which is followed later by a fresh depres- 
sion. Much has been written about this diphasic leukocyte curve, 
which has been described particularly by Weisskotten (1916). The 
second depression has been set in connection with the antibody- 
antigen reaction, the increase in association with regeneration in the 
bone-marrow. 

After the administration of benzol, Woronow (1929) at first 
found falling leukocyte values, which rose immediately before 
death. The leukopenia induced by a small number of injections 
often persists a long time, which is a sign of serious injury to the 
bone-marrow — in Weisskotten’s case for about a year. 

The change in the red blood corpuscle picture is not so striking 
The decrease in erythrocytes does not appear until after a consi- 
derable period of administration. Statements are somewhat 
divergent. Langlois and Desbouis (1907) found a strong polycythe- 
mia in rabbits, guinea-pigs and pigeons after they had inhaled ben- 
zol, but their experiments could not be reproduced, Orzecliowski 
(1929) found no change in the red blood corpuscle picture. In con- 
trast to this, Baserga (1932) considered that the erythropoietic 
system was injured earlier than the myeloid system. Miyamoto 
(1937) found at first a decrease in all the blood corpuscle elements, 
but later an increase in leukocytes. As a sign of the depression of 
the red blood corpuscles, Uno (1933) established reduced reticulo- 
cyte values in rabbits after benzol injections. Feller (1937) observed 
abundant eosinophils in rats treated with benzol. 

Statements are also divergent with regard to the thrombocytes. 
Orzechowski found no change in the number of the thrombocytes in 
benzol poisoning. On the other hand Weisskotten found an increase 
at first. Similar findings were also made by Beyer (1933) and 
Minot-Bruckman. In contrast to this Muller (1931), states that in 
rabbits benzol gives rise to a thrombopenia, which he says is due to 
injury to the megakaryocytes. Medlar (1935) observed the appear- 
ance of megakaryocytes in the circulating l)Iood after benzol injee 
tions. Baserga had noticed the occurrence of giant nuclear cells in 
rabbits and was of the opinion that this was a sign of great leuko 
cyte regeneration. 
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The bleeding-time is stated to be normal as a I'ule. According to 
Kuntzen (1931), animals which inhaled the gases from a benzol 
driven motor were more subject to thrombosis. The effect of carbon 
monoxide must also be taken into account here. The investiga- 
tion was a link in Payr’s contention that there is an increased 
possibility of thrombosis in large cities. 

In Santesson’s experiments on animals hemorrhages in the pleura, 
gastric mucous membrane and pericardium were established at 
autopsy. In the great majority of cases an affection of the bone- 
marrow in the form of an aplasia is found. In a number of cases a 
stimulating influence can also be seen, particularly before the de- 
structive tendencies have gained the upper hand. Scbillowa (1933) 
points out the great individual variations, in that some animals 
develop bone-marrow aplasia, others react sometimes with hyper- 
plasia, especially at the beginning of the intoxication. With small 
doses Lignac (1932) was able to induce changes resembling blas- 
temas in mice and indicated the resemblance to leukemia. In expe- 
riments on rats Feller was able to establish a lively mycloidic reac- 
tion in the bone-marrow. 

The leukopenia was said to be due to aplasia of the myelogenic 
elements. The effect of benzol injectionssetsinveryrapidly, however, 
and therefore Selling considered the leukopenia to be due to cbrect 
destruction of the circulating elements. Ronchetti holds a similar 
view. Pappenheim, who was of the opinion that the leukopenia is 
due entirely to the white elements collecting in the capillaries in the 
spleen, liver and lungs, is almost alone in this opinion. According to 
Hamilton a similar observation was made by Le Noir and Claude. 

Several Russian authors, Nicolajew and Schparo (1929) and also 
Schestrow and Salistowskaja (1926) consider that benzol dissolves 
the lipoid membrane of the red blood corpuscles which are thereby 
phagocytized. Benzol would thus be a hemolytic. The leukocyte 
values are decreased by their stem cells having to take over the 
erythropoietic function owing to the erythrolysis. Siderosis had also 
been observed. In general, however, the opinion is held that no 
hemolysis occurs. Siderosis can beexplainedby blecdinginthetissues. 

Weisskotten and Saeki (1938) found no difference in the benzol 
effect on splenectomized and normal animals. Paschkis and Kulka 
(1927) found that if rabbits were »supravital stained)) benzol poi- 
soning led less readily to aleukia. 

9 — Acta mcd. scandinav. Vol. CXH. 


128 


TOIVO STENSTAM. 


Tlie bone-marrow is not the only organ to be attacked Levi 
describes changes in the thymus in rabbits treated with benzol 
Hett (1938) and Hett and Maak (1938) found atrophies oi the gene- 
rative organs in mice after inhalation and subcutaneous injec- 
tion of benzol. 

In animals which had inhaled benzol Schmidtmann (1930) 
established emphysemas, chronic bronchitis, epithelial hyperplasias 
and. metaplasias, but without destructive tendencies. 

In general the benzol-intoxicated animals exhibited decreased 
powers of resistance to infections in comparison with normal ani- 
mals. This reduced pow'er of resistance is said to be due, firstly, 
to the decrease in the number of leukocytes, and secondly, to the 
decrease in the formation of antibodies as a decreased lysin-preci- 
pitin-agglutinin titre. In general a reduced formation of antibodies 
is found with the administration of substances which have a de- 
structive effect on bone-marrow', while substances which irritate 
it give rise to an increased production of antibodies. 

Benzol has been very much used in studies of infection condi- 
tions in cases of leukopenia and also of the reaction of the leukope- 
nic organism to different chemical and physical irritants. The 
benzol animals readily caught infections. As a rule they could not 
respond with cellular reaction, but the bacteria were free to commit 
their ravages [Muller (1931)]. If the leukopenia was less than 
2,000 white blood corpuscles, the animals could not hold their own 
against the invading bacteria. If the animals had more than 2,000, 
their blood picture reacted like that of a normal animal. Even a 
latent infection could be made to flare up anew by means of benzol. 
Wallbach established the fact that, if the experimental animals 
had a spontaneous infection, they most frequently became extre- 
mely resistent to benzol and could be sprayed for months without 
developing leukopenia. Streptococci infections had no retarding 
effect, but on the other hand injections of peptone w^ould retard the 


leukopenia. 

With croton oil and heating up to 55° no leukocyte infiltration 
was obtained in experiments with leukopenic animals in w’hich the 
white blood corpuscles had fallen to 1,000, as in the case of normal 
ones. Experiments with anaphylactic shocks on benzol-poisoned 
guinea-pigs showed a reduction in the leukocytes of 30 50 %) 
as in normal ones [Bonnanno (1931)]. Nor could Testolin (1932) 
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find any change in the reaction in cases of hemoclastic crises. 
Steiner (1932) found the remarkable fact that witli repeated benzol 
injections on guinea-pigs, the animals died after 3 — 4 injections with 
a picture resembling anaphylaxis. It differed from ordinary anaphy- 
laxis, however, in that it was not possible to transfer it, and that 
the animals did not react to adrenalin. Rats, which are difficult to 
cause to react anaphylactically, also reacted in the same way. The 
pre-condition was, however, that the later injections should be 
given in the area inflamed by the preceding injection. The resorp- 
tion was much more rapid and corresponded fully to the reaction 
obtained if the injection was given intravenously. 

The slimulating influence of benzol. 

At an early period it w^as found that in certain cases small quan- 
tities of benzol had a stimulating effect on erythropoieses. Among 
the earliest observers are mentioned Langlois and Desbouis (1907), 
who obtained picture resembling polycythemia in guinea-pigs 
after benzol injections. It has not been possible to repeat their 
experiments, however. In some experiments Selling also reported a 
slight increase of the white blood corpuscles. The same condition 
has been observed by several authors. Schillow'a (1933) often found 
leukocytosis and an increase in thrombocytes at the beginning of 
experiments on animals Similar findings were made by Muller 
(1931). Baserga (1931) mentions the occurrence of large polynuclear 
cells in the blood, indicating great imtation of the myelogenic 
system. Beyer (1933) who employed very small doses of benzol, 
found an increase in the thrombocytes but little effect on the other 
blood corpuscle elements. In inhalation experiments on rats, 
Schmidtmann (1930) found leukocytosis in the beginning, and 
similar findings were also made by Engelhardt (1931). With small 
quantities of benzol, Osgood (1932) was able to obtain an increase in 
all the blood corpuscle elements, but on the other hand great 
depression with larger dosis. Miyamato (1937) at first found a 
depression of all the elements and later a leukocyte increase. In 
experiments for the purpose of studying the effect of benzol on 
tissue cultures Guercio and Arnone (1935) could not find any stimu- 
lating influence. According to Wallbach (1932) benzol in small 

quantities increases the granulocytes and gives rise to youthful 
forms. 
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Genuine leukemia forms in animals are described byLipac 
(1932), Avho succeeded in obtaining leukemia pictures in mice wth 
small quantities of benzol. 

In man also benzol in small quantities is stated to have a stimu- 
lating effect on the bone-marrow and in certain cases to give rise 
to leukemia. Pappenheim, Hultgren (1926) and Leconte found that 
small quantities of benzol stimulated the leukopoiesis. Floret, cited 
by Hamilton, found increased hemoglobin and leukocyte values in 
women who worked vdth benzol. 

Audaciously enough Hajos (1926) recommends it in cases of 
secondar}’- anemia and is of the opinion that he has seen goodre- 
sults (!) while in healthy persons benzol leads to a transient hjper- 
globulia. "VMien benzol was used for therapeutic purposes in leuke- 
mia cases, Koranyi and Billing found an increase in red blood cor- 
puscles and leukocytes to begin with. 

An actual transition to leukemia is described by several authors. 
Delore and Borgomano (1927) described a case of chronic benzol 
poisoning which ended as lymphatic leukemia. Falconer (1933) 
also gives an account of a case of lymphatic leukemia after benzol, 
verified at autopsy. In this case it had been possible to followthe 
blood picture for 4 years. Martland, quoted by Hamilton,- ob- 
served a gastro-intestinal leukemia in a case of benzol poisoning. 
Penati and Vigliano (1938) report about 10 cases of myelogenous 
leukemias after benzol MaUory-Gall-Brickley ( 1909 ) report of 2 cases 
with leukemic pictures. Weil and Aschkenasy (1938) could not 
find among their cases any signs of irritation in the form of poly- 
globulia or leukocytosis. Henning and Kedhack (1939) point out 
the connection between agranulocytosis — aplastic conditions 
and acute leukemia. Segerdahl (1934) also describes a case of leu- 
kopenia wdth an acute myelogenous leukemic final stage. Henning 
apprehends the different pictures as different stages in the same 
bone marrow disease. 

Differential diagnosis. 

The diseases that have to be differential-diagnosed are above 
all pernicious anemia, essential thrombocytopenia, agranulocytosis 
and aleukemic leukemia conditions. As a rule the first-mentioned 
disease is met with in the higher ages. Glossitis, increased indirect 
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bilirubin reaction, macrocytosis, achylia, good effect on tlie liver are 
clearly characteristic, A sternal puncture may possibly assist the 
diagnosis. As a rule, essential thrombopenia accompanies in- 
creased leukocyte figures, signs of erythrocyte regeneration and 
enlargement of the spleen. Agranulocytosis exhibits only a decrease 
in thrombocytes and erythrocytes in the final stages. Chronic 
aleukemic lymphatic leukemia generally exhibits glandular swell- 
ings and also signs of erythrocyte regeneration. In this case sternal 
puncture may assist on the diagnosis. 

Therapy. 

In the first place the injurious agent must no longer be allowed 
to exercise its influence; the person injured, by benzol must give up 
his occupation. Blood transfusions arc the only effective form of 
therapy, and thanks to them it has been possible to save not a few 
cases. Preparations of liver have not the same effect as in per- 
nicious anemia, even tliough a certain supporting value cannot 
he denied them. Hamilton (1931) reports 2 cases where liver was 
used, apparently with good results. Mignolet (1939) also considered 
that he saw good effects from liver. Lamy-Pierquin-Kissel (1939 
found no verj^ good effects from preparations of liver or ventricle. 
In some cases raw fetal calves’ liver is said to have had an effect 
where no effect had been seen with ordinary liver. 

Opinions are divided as regards the value of splenectomy. 
Hegler (1938) recommends it and obtained good effects in three 
severe cases. Schneider (1931) and Budelman (1938) also consider 
that spleen extirpation may be beneficial, Cain, Cattan and I-Icrtz 
(1938) tried extirpation in two cases but could not save them. 
Weisskotten, cited by Gall (1938), could not establish either deterio- 
ration or improvement. Morrison and Samwick (1940) recommend 
the transfusion of healthy bone-marrow intrastern ally to patients 
with aplastic forms of anemia. In the literature there arc no reports 
of its having yet been tried in cases of benzol anemia, but it would 
be worth testing. 

In a number of cases slight doses of roentgen on the hollow bones 
have been tried, to stimulate the bone-marrow. In certain cases 
adrenalin injections have been tried. The administration of vitamin 
C appears to have a supporting effect. Observations on the vitamin 
C deficit in benzol-poisoned cases and the favourable experiments 
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on animals formed the starting-point for this form of therapy 
Hagen (1938) even considered that, despite the appearance of leuko- 
penia in benzol workers, they could remain at their work if they were 
given large quantities of vitamin C, which is not advisable, however. 

These patients should naturally also be given other vitamins, and 
in particular the B-complex and iron. On the other hand arsenic 
is of doubtful value, as it is a bone-marrow depressor. In cases of 
acute poisoning, Nick (1922) used intravenous injections of 10 % 
lecithin emulsion, the idea being to bind the circulating benzol in 
the blood. As a rule preparations of pentanucleotide are considered 
valueless. 

The forms of therapy presuppose, however, that the bone-mar- 
row is not completely aplastic, but that some elements are left, on 
■which the different media can exercise some stimulating effect. 

Prophylaxis. 

It will of course be an important task to try to decrease the use 
of products containing benzol by using other less harmful substi- 
tute preparations. If this is not possible, the hygienic arrangements 
should be carefully supervised. Ventilation arrangements should 
be thoroughly satisfactory; possibly the work should be carried on 
in places where tliere is strong air circulation Vessels containing 
benzol products should not be left open, but should be closed im- 
mediately after use. It should be noted that benzol fumes are 
heavier than air and sink towards the floor, and therefore the suc- 
tion arrangements should be placed at a low level. Industries 
should be carefully informed of the use of benzol in the different 
phases of the wmrk and in their products. 

Information e. g. in the form of notices put up at the places of 
work might be very useful. In Germany there is a »BenzoI-Merk- 
blatt» designed to be hung up at the place of work. On this notice 
the earliest symptoms and general hygienic directions are given, 
some of which may be quoted, such as to avoid washing the hands 
in benzol, to spend the pauses in work out in the open air, a regular 
mode of life with sufficient rest, a high-grade diet, and care of the 
teeth. 

An entrance examination should be made, and undernourished 
and anemia persons should not be engaged. Female and juvenile 
labour should not be employed. 
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By means of regular examinations of the. blood and urine, benzol 
injuries can of course be discovered early, and the person threatened 
can be removed from the work. Above all the establishment of 
thrombocytopenia and leukopenia have been decisive. It is gener- 
ally thought that a leukopenia below 4,000 white blood corpuscles 
per mm and especially lovering of the polynuclear percentage and 
a thrombopenia with 50,000—100,000 are signs of benzol injuries. 
Similarly a Hgb. value below 80 % and a decrease in the red blood 
corpuscles of 10—15 % are said to indicate benzol injuries. 

In American quarters great importance is attached to a reduc- 
tion of the inorganic sulphuric acids in the urine, and a decline to 
only 70—80 % of the total is said to be significative of benzol poi- 
soning. It must be definitely established, however, that no other 
solvent is used which might give rise to a similar decline. 

Complete examinations of the blood should be made every 3 — 4 
months, in the opinion of some as often as eveiy 3 — 6 weeks. A 
leukopenia alone must not be allowed to be decisive, but other 
symptoms also should afford guidance when leukopenia is not 
present. 

Maria P. 16 years. Case record 1145/40. 

The parents alive and well. Patient is the 5th of 7 healthy brothers and 
sisters. No metabolic or blood diseases in the family. No exposure to Tbc. 
Good home conditions. Food conditions ordinary, does not oat fruit or 
vegetables to any great extent. Of earlier illnesses, pneumonia as a child. 
For the rest has always been healthy except for passing colds. Has always 
been pale. Menarche at the age of 14, Menstruation 3 — 4 days every 4th 
week, not particularly abundant. 

Since September f938 has worked at a shoe factory as a slilcber and 
stuck together pieces of leather with a solution containing rubber dissolved 
in a mixture of 40 % benzene and 60 % benzol. The pieces of leather are 
spread out on a sheet of millboard and covered with solution and then sent 
on to another workwoman. The solution does not come into contact with 
the hands. The atmosphere is somewhat saturated with benzol. The patient 
was examined before she began working at the factory and is said to have 
exhibited no signs of disease then. A blood specimen was not taken. She 
has been medically examined every year since, Hie last lime in February 
1940. The patient states that she was then already appreciablj’^ pale, but 
no blood test was taken. 

The patient began to feel tired in December 1939. The fatigue became 
increasingly troublesome, and during the last few weeks before admission 
there was breathlessness, especially on movement. No. palpitations of the 
heart of giddiness. No stenocardiac trouble. No hemorrhages from Hie 
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mucous membranes of the nose and mouth or from the digestive apnaral.K 
Has noticed no discolorations. The menstrual flow not particularly increas 
ed. Has not observed any blood in the urine. No oedema. Appetite poor 
but no indisposition or vomiting. Has not lost weight. No loss of hair 
Has not observed any brittleness of the nails. Her associates and the pali 
ent herself noticed that she grew paler. Admitted to the Med. clinic on 
lOth April 1940. 


Status. 

Slender, dark girl. Notaffecled. Very pale, the visible mucous mem- 
branes pale. No cyanosis or dyspnoea during rest. No oedema. Under the 
mammae and on the abdomen and back and down towards the sacrum 
the skin is dry and considerably pigmented. No icterus or tendency to a 
green tinge in the complexion. No cutaneous hemorrhages. Nails and hair 
without remark. No tremors of tongue or fingers. Tonsils of normal size, 
teeth healthy. No ulcerations in the pharynx. Thyroidea not enlarged. 
No lymphatic glands palpable. The heart exhibited no percussible enlarge- 
ment. No pulsations. Systolic frem. Ictus in I 5 one finger-breadth inside 
maml. no increase in width or lifting. Systolic murmur over the whole 
heart, strongest at the apex. Tachycardia but no arythmia. Murmur over 
peripherous vessels. Blood pressure 140/90. Lungs without remark. Ab- 
domen normal configuration, soft, no tenderness, no pathologicalresisfances. 
Liver and spleen not palpable. Neurological examination without remark, 
Ophth. without remark. 

Hgb. 46 %. Red blood corpuscles 1.9 mill. Index: white blood corpusc- 
les 800. Thrombocytes 23,000. Diff: neutr. 24 %, eos. 0 % lymph. 64%, 
mon.S %,eos.4 %,bas.O %. Reticulocytes 0 %, Strong aniso- and poikilo- 
cytosis. Size of erythrocytes 7.2 — 7.G my. Fragility test. max. 0.28 % and 
min. 0.48%. Bleeding time 9.5 min. S. R. G9 mm. Further blood examina- 
tions appears from the tables. 

Other laboratory findings: Nonprotein nitrogen R. N. 30 mg %. Blood 
culture neg. Wassermann neg. Ecg. Sinus tachycardia and T 2 and T 3 nega- 
tive, signs of myocardia injury. Test meal: hj^pochylia, not until after 
histamine low hydrochloric acid values. Galactose loading: no excretion of 
sugar, blood sugar values depressed rather. Mantoux neg. Benzol-cuta- 
neous test neg. Sed. without remark. Sternal puncture 16/5 1940; pro- 
nounced myeloblast and promyelocyte marrow% only occasional erythro^ 
blasts. Sternal p. 12/10 1940: considerable increase of erythroblasts, which 
now attained normal values. Still a certain displacement to the left in the 
•white picture. 

When admitted febrile. Temp, became normal after some weeks but 
rose again later, subsequently undulating. During the first month no 
noticeable improvement in the blood values; rather a deterioration during 
the first -weeks. The menstruations were very protracted and very profuse 
during this period. The treatment consisted first and foremost of repeated 
blood transfusions. Of other pharmaceutical preparations heptomm, 
nucleosin, iron, vitamins A, B, C, D. raw liver. After 6 weeks the blood 
values began to rise slowly, but not until after 6 months had Hgb. reache 
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about 80 % and the red blood corpuscles 3.5 mill. Persisting leukopenia 
and thrombocytopenia, and at the most recent examination 9 months 
later, the red and white blood corpuscle picture had assumed normal 
values. The thrombocytes are still low- as a residuum of the poisoning. 

Simultaneously with the improvement in the blood picture increasing 
subjective improvement, and since the last examination has been allowed 
to begin other work. 
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Blood group determination of reticulocytes. 

BY 

OLOF SIEVERS. 

(Submitted for publication May 5tb, 1942). 


It can be regarded as a recognised fact that the blood group dif- 
ferentiation in the human being begins as early as the embryo stage. 
The blood corpuscles in a 3 — ^1-montb-old foetus are carriers of 
agglutinogen, and this property is, practically speaking, ahvays 
complete in the new-born child. Another question which, accord- 
ing to the literature at present accessible to me, has not been gone 
into in more detail, is that of the time when the blood corpuscles, 
in the course of their development, get this blood group property. 
Probably the length of life of the corpuscles is relatively short, per- 
haps only 20 days, so that the organism is forced to be constantly 
forming new ones. We ask ourselves at what stage the agglutinogen 
is developed in them. It is true that tlie way in wlii.ch the erytliro- 
cytes arise is not yet known in detail, but an investigation of the 
immature forms, which can be differentiated microscopically, ought to 
lead to increased knowledge in this field, at any rate to some extent. 
Thanks to developments in haematology, it has become possible 
to separate out immature red corpuscles under the microscope from 
fully developed ones. Tliese immature forms, reticulocytes, appear 
in a certain percentage, usually under 1.0 %,in all healthy indi- 
viduals.* In those cases where, on account of loss of blood for exam- 
ple, an increased formation of new erythrocytes is to ]]e reckoned 
with, the percentage of the young corpuscle forms is raised. 
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One of their cliaracteristics is the possession of a nucIeus-Jike 
structure Avhicii is vitally stainaJile. The reticulocytes differ some- 
wiiat from one another, so that attempts have been made to divide 
them into different groups. The commonest grouping is that made 
by Heilmeyer: group 0 comprises the nucleus-bearing erythrocytes, 
the normoblasts; group I the reticulocytes with a nucleus-like for- 
mation in the shape of a lump or a bobbin in the cell; group II reti- 
culocytes with a distinct net with large meshes; group III with frag- 
ments of net, or full of rods and dots; group IV with small scattered 
dots most often situated in the periphery of the cell. 

In an investigation of native blood, Fahraeus found a kind of 
peculiarly shaped corpuscles, which on account of their appearance 
he called ’hilus forms’. Gripwall later studied these cells in more 
detail, and their presence in hereditary haemolytic jaundice. As 
Gripwall points out, tliese cells have had no attention paid them 
hitherto because the morphological blood investigations usually take 
place with the aid. of fixed and stained preparations, in which these 
cells do not appear. The first to mention these cells, albeit with 
extreme brevity, is Valentine. In his view, however, they are iden- 
tical with the reticulocytes. The same result has also been reached 
by Aberg, and in the work I am now tendering, I support my 
assertions on the discoveries she made from an intensive investiga- 
tion of this problem. It is true tliat the liilus forms observed by 
Fahraeus cannot be recognised in a fixed preparation, but according 
to Aberg a count of the reticulocytes iu a preparation of this kind 
gives the same result as a count of reticulocytes and hilus forms 
inclusive in a moist, vitally stained preparation of the same blood. 
The hilus forms seem to he identical with the reticulocytes of groups 
I and II. Gripwall’s drawing of hilus forms (p. 59) shows very well 
indeed that it is not only cells of group I which are characterised l)y 
uneven contours. Furthermore, Aberg has shown that the reticulo- 
cytes of group I remain outside the erythrocyte aggregate at the 
formation of rouleaux, in the same way as the hilus forms do. 

In this connection it may also he stated that the ’knots describ- 
ed by Bostrom are, probably are identical with the hilus forms. 

The different reticulocyte groups are represented to different 
degrees in the healthy human being. The approximate quantity is 
shown in the calculation made by Trachtenberg and confirmed by 
Aberg (see Aberg for more details). 



BI/OOD GROUP DETERMINATION OF RETICULOCYTES. 141 

When a reticulocyte crisis sets in, the total number of reticulocy- 
tes is raised, and also the division into groups is changed. Forssell 
has shown that the youngest -e^lls, groups I and II, are most numer- 
ously represented in those cases where the reticulocytosis reaches 
high values quickly, while groups III and IV predominate when 
the new formation takes place slowly. 

Since the reticulocytes are so sparse in the blood of the healthy 
individual, tests for determining their blood group have to be made 
with blood from anaemic persons with a more or less pronounced 
reticulocyte crisis. 

The staining and counting of the reticulocytes have been carried 
out according to the methods used by Aberg in her work, and I refer 
those interested to the technique she quotes. 

For the agglutination test, blood is taken in the way given l)y 
Aberg, and mixed with the staining matter. An equally large drop 
of test serum is then added, and it and the blood drop well mixed 
with a glass rod. A fairly large covcrglass is placed over the drop, 
and after 5 — 10 minutes the preparation is examined under an 
immersion lense. The erythrocytes are then as a rule more or less 
strongly agglutinated. The red corpuscles outside the corpuscle 
clumps or the aggregate are counted in the usual W'ay, and the reti- 
culocytes obtained from counting 1000 of tlicse unagglutinatcd 
corpuscles. Preparations in which the red corpuscles arc damaged 
(for example, taking the shape of a spiked club, or some such) arc 
discarded. 

A comparison between the different methods points to the 
smeared preparations giving a somewhat higher percentage figure 
for the reticulocytes than for the moist preparations. Probably, 
this is due to the reticulocytes of group IV not appearing as di.stinct- 
ly in moist preparations. The difference is very small and does not 
affect the final result. First-class test sera have always been used 
in the experiments that is to say, the same as have been used in 
the daily practical blood group determinations. 


The Material. 

Case 1. The first patient whose blood was investigated suffered from 
pernicious bothriocephalus anaemia. (Hg 3S/^E. 1,G72,000 L 3 700) 
She belonged to blood group A and 35 % of her red corpuscles ierc reticu- 
locytes. After the action of an anti-A seium, the percentage figure for the 
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reticulocytes among the non-agglutinated erythrocytes nas 31 . 2 . a rrn 
tition of the examination 2 days later gave a percentage figure of 20 oaffl 
the usual reticulocyte count, and 19.6 after the action of anti-A-serum. The 
insignificant diminution in the percentage figure ought to fall within the 
limits for possible miscalculation. If the agglutination is very powerful 
only a smallish number of erythrocytes remain outside the agglutination 
aggregate, and this must make the counting more difficult. In no circum- 
stances is it possible to speak here of the reticulocytes not having been as 
agglutinabie as the other erythrocytes. In this case, there was a slow in- 
crease of the reticulocytes. The first sample was taken at the top of the 
reticulocyte curve, the second somewhat later. 

Case 2, The patient had the same diagnosis and the same clinical picture 
as the foregoing (Hg 30/35, E. 1,616,000, L. 2,200). The blood corpuscles 
had the properties OMN, and the experiments were carried out with anti 
• — M and anti • — N sera. The results were as follows; 

29. 1. reticulocjde figure 5.0 % after addition of anti-M 6.0 % and 

» » » anii-E 5.0 %. 

13. 2. » » 3.4 % » » » anti-M 4.0 % and 

» » » anti-N 3.5 %. 

It is not possible in this case, either, to speak of a dissimilarity behveen 
the agglutinability of the reticulocytes and the other erythrocytes res- 
pectively. In hoth the cases quoted here, the reticulocyte curve was at 
its peak or sinking, but the same result is also obtained when the sample 
is taken during the curve’s rising phase, as was done in the following 
case. 

Case 3. The patient had secondary anaemia and belonged to the blood 
group OMN (Hg 30/35, E. 3,056,000, L. 29,100). The test was performed in 
the usual manner, and the results were; 

28. 1. reticulocyte figure 11.7 % after addition of anli-M 9.5 % and 

» » » anti'N 8.5 %. 

6 . 3. » » 20.7 % » » » aoti-N 20.8 % (the 

test with anti-M w'as not made). 

The reticulocyte curve rose slowly in this third case, too. Thus the results 
of all hitherto reported investigations agree with one another, independent 
of whether the investigation was carried out during the rising phase of the 
reticulocyte curve, at its peak or during the sinking phase. 

Divergent results were, however, obtained from further tests, this tune 
made with blood from patients with the characteristic, quickly setting » 
reticulocyte crisis. 

Case 4. The patient suffered from haemorrhagic anaemia resulting 
from gastric ulcer (Hg 22/26, B. 1,136,000, L. 5,700). At the height of t e 
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crisis, the reticulocyte percentage in the blood was 32.5 %. The blood group 
was A. A new count following the action of anti-A-serum on the corpuscles 
gave the percentage figure 42.1. For the first time we have here an un- 
questionable difference between the two percentage figures, which, taking 
everything into consideration, cannot be regarded as falling within the 
limits for possible errors in counting. 

Case 5. The same results, but with an even plainer difference, was ob- 
tained in another patient. Here, as with the previous one, there was a 
rapidly setting in reticulocyte crisis, following haemorrhagic anaemia 
(Hg 16/19, E. 1,640,000, L. 4,400). The patient’s corpuscles had the proper- 
ties OMN, and the test was made with anti-M and anti-N sera. The reti- 
culocyte figure was 21.7 %, and rising after agglutination with anti-M 
serum to 51.8 %, and with anti-N serum to 37.5 %. 

The investigations quoted above shoAv a distinct dissimilarity in the 
results depending on whether the reticulocyte increase set in slowly or 
rapidly. To give a clearer picture of this problem, I am going to give 
further results from investigations, of several patients during the entire reti- 
culocyte crisis, which were carried through without a break. 

Case 6.^ The patient suffered from ordinary pernicious anaemia and 
belonged to blood group B (Hg 31/36, E. 1,440,000, L. 4,500). Curve I 
shows the reticulocyte crisis observed. 



The date is shown by the abscissa and the reticulocyte percent- 
age by the o rdinate. The broken curve gives the reticulocyte per- 

^er work. The 
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centagc m blood investigated in the ordinary manner, the unbroken 
line gives the percentage figure of reticulocytes of the non-agglu 
tmated red corpuscles after an agglutinating anti-B serum had 
been administered. As the curve shows, the patient underwent a 
strong reticulocyte increase, setting in rapidly. In the beginning, 
and above all at the height of the crisis, the non-agglutinated 
corpuscles consisted largely of reticulocytes. The highest value ^Yas 
89 %. Towards the end of the crisis, the reticulocytes seemed to 
become agglutinated to tlie same extent as the erythrocytes. This 
lastmentioned stage must no doubt he regarded as more or less 
answering the occasions when the crisis sets in slowly, in which case 



— according to experiments given here — non-agglutinable reticulo- 
cytes could not be observed. Everything speaks for the reticulo- 
cytes being agglutinable to different degrees during different phases 
of the crisis. Earlier investigations have already revealed that this 
is true of tlicm from a morphological viewpoint (see Forssell for 
further details). To proceed in the direction now given, it is necess- 
ary to set about a differentiation of the reticulocytes in the four 
different groups mentioned earlier. Curve 11 gives the results of 
such a differentiation of the values shown by the broken line in 
Curve I — in other words, tlie reticulocytes counted in the custom- 
ary fashion. 

As was to be expected, the curve for reticulocytes from group 
has risen during the start of the crisis and kept high during the 
climax, to sink practically to 0 when the crisis has passed off. The 
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curve for reticulocytes from group III show an opposite state of 
affairs, while the two other curves seen as a whole have the same 
course throughout the entire crisis. The slight irregularities all these 
four curves show are explained, quite naturally when one takes into 
consideration how quickly the reticulocytes can vary in number 
from day to day, and remembers the difficulties bound up with 
the counting. 

It is of great interest from the agglutination viewpoint to com- 
pare the results in the last-mentioned curve (II) with the corres- 
ponding differentiation of the non-agglutinable reticulocytes 
observed during the reticulocyte crisis (Curve III. Their total num- 
ber can he read off from the unbroken line in Curve 1). 



1M 12.4 13.4 1^4 15.4 16.4 17.4 16-4 19-4 20.4 2I.4 
Curve III. 


The results indicate that as long as non-agglutinated reticulocy- 
tes c^n be shown at all, they will be mainly from group I. It is 
primarily these, and to some extent, perhaps, the reticulocytes 
' from group II also, which do not become agglutinated, and a com- 
parison of the curves shows that a noticeable displacement in the 
differentiation results is obtained. 

Case 7. Still another case may be quoted. The investigated patient 
had pernicious anaemia and belonged to the blood group B (Hg 30/35' 
E. 1,344,000, L. 7,200). Curve IV shows the reticulocyte crisis (the 
broken line) together with the percentage figure for reticulocytes after 
; the action of an anti-B serum (the unbroken line). 
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The fact that the patient was investigated for a rather longer 
period made a differentiation of the reticulocytes possible even 
after the plainly marked crisis was over. The results of the differen- 
tiations are shown by Curves V and VI, and agree with those ob- 
tained in the foregoing cases. 



Curve V. 

In this other case, too, non-agglutinated reticulocytes were 
observed only at the beginning and during the climax of the crisis. 
Further, they belonged mainly to group 1. 

The results discussed first in this paper indicate that only 
those reticulocytes remain unaggiutinated which appear together 
with rapidly setting in crises while those attending a slow rise of the 
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Curve VI. 


reticulocyte curve are agglutinated to the same extent as other 
erythrocytes. The two last-mentioned cases conform to this; the 
reticulocytes are not agglutinable as long as the reticulocyte curve 
rises steaply or has reached its highest point. In other words, we 
can say that non-agglutinable reticulocytes appear as long as the 
cells from group I predominate in number. 

Judging from the results now put forward, we would say that 
the agglutinogen is not completely developed in the reticulocytes 
from group I, while the immature corpuscles from groups III and IV 
are bearers of the property now in question. The reticulocytes from 
group II plainly have an intermediate position in that some of them 
clearly become agglutinated, while some remain unaffected. Thus 
it would seem that the point in time for the first appearance of the 
agglutinogen in the red blood corpuscles is shown by my investiga- 
tions. In this connection, I would refer to Aberg’s observations on 
the relation of the different reticulocyte groups to one another 
from other points of view. 

Earlier investigations (Fahraeus, Gripwall) have shown that 
reticulocytes from group I, or the hilus forms as the investigators 
mentioned call them, do not participate in the formation of rouleaux. 
Whde, by placing themselves side by side, the red corpuscles form 
typical rouleaux aggregates, the reticulocytes from group I remain 
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outside. For several reasons, the agglutination and the rouleaur 
formation ought to be looked upon as two separate phenomena fee! 
Fahraeus, Schitf, Bergcnhcm, for further details), and therefore the 
reasons for the reticulocytes of group I not taking part in either the 
agglutination or the formation of rouleaux (the erythrocyte aggrega^ 
tion, according to Fahraeus) ought also to be of different natures. 
By repeating the experiment of Fahraeus and Bergenhem of h- 
creasing the corpuscles’ tendency towards aggregation by means of 
warmth, it is furthermore possible to show that there actually is a 
difference between agglutination and aggregation. A sample wth a 
high sedimentation rate is kept at 37 degrees of warmth till the sedi- 
mentation rate has gradually sunk to 0. During all this time, 
however, the corpuscles can be agglutinated with equal ease. At 
the end of the experiment, when the sedimentation rate is 0, the 
corpuscles display an equal power of absorbing isoagglutinin as be- 
fore it started. 

According to Gripwall, the veil in the so called veiled sediments 
(i. c., the boundary between the clear layer and the corpuscle co- 
lumn is more or less indistinct. Between them can be seen a 
cloudy layer, the veil.) consists to a great extent of hilus forms, 
or, according to Aberg, of reticulocytes from group. I and group II 
respectively. Aberg has gone on with these investigations and 
carried out a differentiation of the immature cells inside the diffe- 
rent parts of the veiled sediment. In her view, the veil contains 
chiefly reticulocytes from groups I and 11, whereas these cells only 
appear sparsely in other parts of the blood column. This observa- 
tion of hers has made it possible to get corpuscle emulsion, very 
rich in reticulocytes, for an ordinary blood group determination. 
One of the experiments belonging here comprises blood from a per- 
son belonging to blood group A. Blood was taken in the usual 
way from a patient with a distinct veiled sediment for the purpose 
of investigating the sedimentation rate of the erythrocytes (in 3.8 % 
sodium citrate solution). After standing two hours in the sedimenta- 
tion tube, corpuscles were taken from the topmost part of the veil 
with a capillary tube. The reticulocyte percentage in this sample 
was' 93. A differentiation showed that group I was present to 60 % 
and group II to 36 %, while the remaining 4 % was made up of 
group III. An anti-A serum had no effect whatsoever on these cells, 
while the corpuscles in the undermost part of the blood column in 
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the sedimentation tube became strongly agglutinated. This experi- 
ment, like those mentioned earlier in this paper, suggests that the 
agglutinogen has not been developed in the youngest reticulo- 
cytes. 

The possibility should furthermore be noticed of the reticulocy- 
tes being able to bind agglutinin, even though they have not, judg- 
ing by everything, been agglutinated. Thomsen’s detailed inves- 
tigations of leucocytes have given a result of this very kind, and 
based on this it can be said that the leucocytes actually are group- 
differentiated to the same extent as the erythrocytes. Best of all 
Avould be a corresponding testing of the reticulocytes, but external 
circumstances over which I have no control have up till now pre- 
vented me from carrying out such an one. 


Summary. 

By adding isoagglutinati.ng human serum to a blood prepara- 
tion stained supravitally with brilliant cresyl blue, the agglutin- 
ability of the stained reticulocytes has been investigated. In so 
doing it was found. 

that reticulocytes of group I were not, to judge by everything, 
affected by isoagglutinating sera, 

that reticulocytes from group III and group IV were affected by 
isoagglutinating sera to the same extent as were mature erythrocy- 
tes, and 

that reticulocytes from group II can, from the viewpoint of 
agglutination, most nearly be said to stand between these other 
groups, in that a part of the second group’s reticulocytes may not 
become agglutinated, while part of them on the other hand do. 

The above results can, in so far as they concern reticulocytes 
from groups I and II, be confirmed by an investigation of the cells 
in the so ealled veil in a veiled sediment. 
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It is well kno^^nn that when freshly taken blood is stained with 
basic aniline dyes a more or less well pronounced network consisting 
of the so-called substantia granulo filamcntosa appears in some of 
the erythrocytes. These cells are called reticulocytes. Among normal 
fully grown animals the number of reticulocytes varies from 0 to 
30 per thousand of the total number of red blood corpuscles. In 
young animals and during the final foetal days a good many more 
are to be found. 

Reticulocytes are regarded as young erythrocytes and are the 
only unripe cells that normally occur in the circulating blood. 

Numerous investigations of the condition of reticulocytes in the 
vascular system under normal and pathological conditions are 
mentioned in literature, whereas only a few investigations are to be 
found regarding the physiological condition of reticulocytes and 
our knowledge of this is therefore strictly limited. 

When blood is stored it appears that the reticulocytes slowly 
decrease in number. This circumstance was first demonstrated by 
Key (1921). In 1922 Pepper showed that when human or rabbit 
blood whose coagulation had been prevented by the addition of 
sodium citrate, was stored at body temperature, the number of reti- 
culocytes declined rapidly in the course of three days, wliereas it 
remained unchanged if the blood was stored at 4°. The same fact 
was demonstrated by Seyfahrt (1927). Heath & Daland (1930) 
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Showed that the reticulocytes disappeared in the course of a few 
days if they were stored in vitro at 37° or injected into the pleural 
cavity of normal rabbits. They further demonstrated that the 
decrease in reticulocytes followed an exponential curve as is gener- 
ally the case with every process due to ageing. They found the 
gradient of the curve to be different for rabbit blood and human 
blood but independent of the cause of the increased number of reti- 
culocytes in the vascular system and this must be taken to imply 
tliat the reticulocytes when they appear, are of the same kind and 
only their ripening is dependent on the state of the surroundings. 

These experiments with ripening reticulocytes have often been 
repeated both in vitro and in vivo but the figures given for the 
reticulocytes’ length of life are very varied, since they suing from 
24 to 144 hours; but in spite of this it can be said that all the expe- 
rimenters agree that 1) reticulocytes ripen through various stages 
to normal ’grown’ erythrocytes, 2) the process of ripening can take 
place in vitro, and 3) the ripening is dependent upon the storage 
temperature. 

In the results of experiments (1942) previously mentioned, I 
have shown that the ripening of reticulocytes is conditional on 
the as yet unknoum substances that are found both in plasma and 
in a number of the other organs of the organism. When the reticulo- 
cytes are washed in saline a very slow spontaneous ripening 
occurs;if liver extract is added to the saline or the reticulocytes are 
suspended in plasma, the ripening proceeds much faster. 

These substances necessary for the development of the reticulo- 
cytes are found as already mentioned, in plasma and also in a 
number of organs but, strangely enough, the quantity is greatest in 
plasma. In a series of investigations (to be published) of various 
plasmata from a number of mammals, it appears that there is an 
interdependence between the quantity of reticulocytes in the cir- 
culating blood and the quantity of ripening substances in plasma 
so that species of animals Avith a low reticulocyte figure have a 
large quantity of ripening substances in their plasma whereas species 
of animals with a high reticulocyte figure only have a small quan- 
tity of ripening substances in their plasma. 

As it would thus seem as if the quantity of reticulocytes in addi- 
tion to the intensity of the erjdhropoiesis also depends on the 
plasma’s content of ripening substances, a clinical investigation of 
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these facts will be -of great importance. The present work deals 
with investigations concerning the ripening substances contained 
in normal human blood. 


Technique. 

Reticulocytes in rabbit blood were used, only males weighing 
from 2000—2500 grammes were used; they were kept singly 
and fed on turnips and cabbage leaves. When fed on hay, water 
must be given in addition. In order to obtain reasonable accuracy 
in counting the reticulocytes the animals were brought into a 
chronic anemic state through bleeding which is accompanied by 
considerable reticulocytosis. This was done by heart puncture or 
by bleeding from the ear into the Sjowall apparatus (1936). 30 — 50 
cm^ blood was taken daily. 

After a week’s treatment the animals’ hemoglobin percentage 
was 40—50 and a red blood cell count yielded 2—3 millions per 
mm^ with 20 — 30 % reticulocytes. This state can be maintained for 
a month or more before the animals die. 

In a ripening experiment 40 cm® rabbit blood with at least 
100 reticulocytes per mille was taken in 10 cm® 3.8 % solution of 
sodium citrate. After scrupulous mixing, portions of 2.5 cm® were 
put into 10 cm® centrifuge tubes each containing 2 — 3 glass beads. 

The blood must be mixed before each test in order to secure 
the same percentage of reticulocytes in each tube as reticulocytes 
sediment more slowly than mature erythrocytes. The tubes were 
then centrifuged for 5 minutes at 3 — 4000 revolutions a minute, the 
plasma sucked off, and the blood cells washed with 5 cm® 0.9 % 
sodium chloride which was discarded after a second centrifugation. 

The solution to be examined was then added to the washed 
erythrocytes, mixed for at least one minute and placed in 4 small 
test tubes with 2—3 glass beads in each. The test tubes were closed 
with rubber stoppers and numbered I — IV. 

The reticulocyte percentage in Tube I was determined and once 
while the others were placed in a thermostat and rotated vertically 
at the rate of 30 — 35 revolutions a minute. Tube II was examined 
after 2 hours, Tube III after 4 and Tube IV after 6 hours incubation. 

The clinical method of determining the number of reticulocytes 
is well known but our experience has shown the necessity for a very 
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careful technique and therefore we will go into the method in 
detail: " 

For staining substantia granule filamentosa a solution of brilli- 
ant cresyl blue was used: 0.15 g brilliant cresyl blue in 100 cm'» 
0.9 % NaCl. This solution was prepared in small quantities on 
account of possible changes in the stain solution (Cohen & Preissler 
1930), and it was daily filtered before use. 

The count of the reticulocytes was made in the following way: 
2 — 3 glass beads and 0.5 cm® of the solution of brilliant cresyl blue 
were placed in a small test tube. After mixing the blood to be tested 
for 1 minute (stopwatch), turn or three drops of the blood were 
added to the stain solution, mixed, and kept for 20 minutes at room 
temperature. The contents of the tubes were then mixed for exactly 
I minute and a drop was placed on a slide and covered with a 
cover glass. The drop must be large enough to fill the entire space 
between the slide and the cover glass. 

2 X 500 erythrocytes were counted at each count. As usual for 
counting a strong immersion lens and a good light were used so 
that even fine granules could be clearly seen. 

Regarding the error in these determinations, we must refer to 
Marcussen’s work on the distribution of reticulocytes (1938). As 
an example of why only rabbits with pronounced reticulocytosis 
were used fo the experiments mentioned, it may be stated 
that: 

1) According to the technique used in the experiments the count 
resulted as follows; 77/500 — ^71/500, average 74/500 = 148 °Joo< 
same preparation counted ten times: 72, 77, 71, 77, 70, 79, 74, 75, 
73, 76, average 74.4 ± 2.76 calculated according to the formular: 


f£l where p is the deviation from the average and n the 


number of counts. 

2) The count of normal rabbit blood resulted in: 8/500 13/500, 
average 10.5/500 = 21 ‘’/qq; ten counts gave 9, 11, 14, 12, 8,9,9,10, 


8, 13, average 10.3 i 2.21. 

These examples showed that while with the high reticulocyte 
figure there were only small variations (about i 4 %), there 
was considerably greater variation (± 20 %) with counts of nor- 


mal rabbit blood. 


The ripening process of reticulocytes under the conditions men 
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tioned here follows the equation for the rate of monomolecular 
reaction: i a 


where i is the incubation time in hours, a the initial number of reti- 
culocytes, and X the number of reticulocytes that developed during 
the experimental period concerned; the constant thus expresses 
the rate of the ripening. 


Table 1. 


Showing arrangement used and calculation of the results obtained. 
Experimental rabbit No, 146. 


I. Before incubation 

II, After 2 hours . . 

III. After 4 hours . . 

IV. After 6 hours 

Erythrocytes 
washed in 
NaCl (0.9 %) 

Erythrocytes 
washed in 0.9 % 
NaCl \\'ith Hepsol 
fortior 1 % 

Erythrocytes 
washed in 
normal human 
plasma 

Percentage of 
reticulocytes 

Percentage of 
reticulocytes 

Percentage of 
reticulocytes 

35.2 

33.8 

32.4 

31.0 

34.5 

30.7 

27.6 

24.8 

34.9 

31.8 

29.0 

26.4 

Percentage of loss 

II. After 2 hours . , 

I II. After 4 hours . . 
IV. After 6 hours . . 

4 

8 

12 

11 

20 

28 

9 

17 

24 • 

1 a 

K = - log 

t ° a- — X 

II. After 2 hours . . 

III. After 4 hours . . 

IV. After 6 hours . . 

0.0089 

0.0090 

0.0091 

0.0253 

0.0242 

0.0238 

0.0204 

0.0202 

0.0199 

Average 

I^S = 0.0090 

Kh= 0.0244 

Kp2= 0.0202 


Ripening constant for Hepsol fortior (190): 0.0244 -f- 0.0090 = 0.0154 
Ripening constant for human plasma: 0.0202 -f- 0,0090 = 0.0112 
Ripening index (corrected) for human plasma:. 0.0112 : (0.0154 . 0.97) = 0.76 


Table 1 shows the results of a single experiment carried out in 
the manner stated. As will be seen, the blood corpuscles that were 
washed in 0.9 % NaCI have a decidedly poor spontaneous ability to 
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njen The monomolccular constant corresponding to this is caled 
K,. It llio Mood corpuscles are washed in plasma the constant 
IS called As tliis expresses both tlie spontaneous ripening and 
the ripening produced by the added ripening substances, adjust- 
ments must made for spontaneous ripening; the ripening constant 

for the plasma examined .vill thus be: K = 

Since botli the spontaneous ripening and the ripening of the reti- 
culocytes induced by the ripening substances expressed by the 
monomolccular constant can vary considerably Avith the animals 
that furnish reticulocytes for the test, we must introduce a standard 
in order to compare similar results. As a standard we used hepsol 
fortior of a certain batch in a dilution of 1 %. _The majority of 
others on the market being liver preparations, may also be used in 
suitable dilution as the standard. As oxen liave no reticulocytes in’ 
their circulating blood and arc the animals whose plasma contains 
most ripening substances, we thought that, assuming ox plasma to 
contain the maximum quantity of ripening substances, we were 
justified in clioosing to take the content of ripening substances in 
ox plasma as the unit. Ripening index: 1.00 indieaics ihai the plasma 
or organic cxlracl examined could ripen reliculocgies al the some role 
as ox plasma tested opposite the same Mood corpuscles. 

As the ripening constant Ids' proportional to the concentration' 
of ripening substances this wall consequently mean that a plasma 
sample having half the ripening constant of ox plasma will have a 
ripening index of 0.5 and so on. We fixed the standard of our ripen- 
ing index opposite 11 different samples of ox plasma and found it 
averaged 0.97. The ripening index for a number of the other ordi- 
nary liver extracts used (Campolon, Extract, hepatis »Gea)>, Exhepa 
fortior pro inj.) was about the same. If one wishes to choose another 
standard it wall be best to obtain a large quantity of the same pre- 
paration and determine its content in relation to that of ox plasma. 

Since it appears that a number of amino acids are able to influ- 
ence the ripening of reticulocytes, though to a lesser degree, we can 
use solutions of these instead of using ox plasma for fixing the 
standard even if the ripening index of amino acids is small and hence 
the accuracy of the count not so great. Wliereas the rate of the ri- 
pening of the liver extracts investigated and the plasma concerned 
seems to be directly proportional to the content of ripening sub- 
stances (Fig. 1), it does not seem to be the case were amino acids 
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Fig. I. Dependences of constants on concentration of ripening substances. 
Abscissa; Concentration of ripening substances. 

Ordinate; Ripening constant. 
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Table 2. 


Dependence of tlic ripening index upon the concentration of amino acids used 




0.5»/oo 

1.0 

2 . 00/00 

4.0 “/o, 




0.136 


0.193 







Glycocoll 

0.054 

0.104 

0.140 

0.172 

n 


0.058 






0,058 

0,104 

0.138 

0.172 

' 0.196 



0.138 

0.184 

0.223 

0.258 

d-AIaninc 









0.177 

0.229 



0.0G5 

0.138 

0.181 

0.226 

0.258 


Bit! 

0.163 

0.24 S 

0.326 











0.220 



I-Tyrosinc 








0.166 

0,239 

0.320 

0,382 


0.082 






0.082 

0.165 

0.236 

0.323 

0.382 


are concerned (Fig. 2 and Table 2); lliere we see that the rate of 
ripening and with it also the ripening index do not rise proportion- 
ally with the concentration. 

Judging from the investigations made it is advisable to use a 
1 °/oo solution of tyrosine for fixing the standard; we found it had a 
ripening index of 0.24. 


Results. 

Through a number of examinations of plasma from various ani- 
mals we found there appeared to be, as already mentioned, a 
certain agreement between the quantity of reticulocytes and the 
quantity of ripening substances, for a low reticulocyte figure cor 
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responded to a high ripening index and a high reticulocyte figure 
corresponded to a low ripening index. ^ 

On the basis of these experiences we examined plasma from 
healthy human beings that from a hematological point of view did 
not present any clinical abnormalities. The blood samples were 
taken by puncturing the vein and here as in other experiments 
■vsdth plasma the coagulation of the blood was prevented bj'^ sodium 
citrate (3.8 %) in the proportion 1: 4; immediately after the samples 
had been taken they were centrifuged and the plasma sucked up 
for examination. 

While the investigations with various species of animals show- 
ed somewhat constant conditions from animal to animal in the 
same group, it rapidly appeared that special considerations must 
be taken when investigating with human beings; for while inves- 
tigations with men gave uniform results, those with women pro- 
duced rather much variation. This proved to be due to the fact 
that at the beginning the menstruation cycle had been disregarded, 
for only in the middle between two periods of menstruation were 
values to be found corresponding to those found in men. 

The result of the investigations may be seen in Table 3 and 
Fig. 2 where it appears that in human beings conditions similar to 
those in the animal kingdom are to be found, namely that a low 
reticulocyte figure goes with a high ripening index number. 

Even if it is only a question of a small number of investigations 
(14 men and 7 women) we can say that there does not seem to be 
any difference in the ripening index for the different ages in spite of 
our finding a smaller quantity of reticulocytes among older people 
where the reticulocytes have furthermore a much ’older’ appear- 
ance (Plum 1942). 

As will be seen from Table 4 and Fig. 3 there is a rise in the 
ripening index corresponding to menstruation and at the same 
time a rise in the quantity of reticulocytes. This increase of the 
ripening substances in plasma takes place before menstruation and 
leads us to think that the regulation of the ripening substances is 
also governed by hormones. 

Under various pathological conditions in human beings a rise 


Pri. of thecoundmgs were worked out by Frk. Ida Mihverlz .and 

Jolianscn. I here accord them my thanks for their never failijw 
interest and energy winch considerably lightened my work, 
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Table 3. 


Result of the hematological investigations made ^vith 21 normal human l,cinB 
and their reticulocyte ripening index numbers. 
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Table 4. 


Variation in the number of reticulocytes during the cycle of menstruation and 
the variation in the ripening index in a 27 year old woman. 


Date 

Menstruation 

Number of 
reticulocytes in 
thousands 

Ripening index 

6—10—41 

M. ads. 2nd day 

8 

0.92 

13—10—41 


5 

0.79 

27—10—41 


3 

0.76 

3—11—41 

M. ads. 2nd day 

9 

0.95 

10—11—41 


4 

0.77 

17—11—41 


2 

0.74 

24—11—41 


3 

0.78 

1—12—41 


3 

0.77 

2—12—41 


2 

0.79 

3—12—41 


4 

0.87 

4—12—41 

M. ads. 1st day 

4 

0.92 

5—12—41 

i> D 2nd day 

9 

0.94 

6-12-41 

» » 3rd day 

S 

0.94 

7—12—41 

» » 4lli day 

9 

0.82 

8—12—41 


5 

0.78 

15—12—41 


3 

0.75 


ber of reticulocytes and the quantity of ripening substances in nor- 
mal human beings, we have, as already mentioned, seen that these 
two values are mutually dependent since a high figure for reticulo- 
cytes goes with a low concentration of ripening substances and vice 
versa. As the result of these observations we may conclude that 
reticulocytosis can be conditional upon two factors, namely as 
previously assumed 1) an increased erythropoiesis and 2) a reduc- 
tion in the formation of ripening substances in the organism so that 
the cells ripen more slowly than normally. The conditions during 
menstruation when both the number of reticulocytes and the 
quantity of ripening substances rise, show however that the per- 
centage of reticulocytes is not alone regulated by the quantity of 
ripening substances but that other circumstances also must con- 
tribute thereto. 

Judging from these observations we must conclude that the per- 
centage of reticulocytes can in certain cases express the ability of the 
organism to produce these as yet unknown substances that seem to 











Fig. IV. Variation in the quantity of reticulocytes and the ripening index 
through three periods of menstruation in a 27 year old ■woman. 
Abscissa; Time in days. 

Ordinate: 0 — 0 Ripening index. 

» X — Quantity of reticulocytes in thousands. 

Menses adsunt. 
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play a part in the last link in the chain of the development of 
erythrocytes and thereby in the organism’s regulation of the com- 
position of the red blood, a circumstance which is now being clinic- 
ally studied. 


Summary. 

Investigations regarding the ripening index of reticulocytes 
in human beings show, when consideration is taken of women’s 
menstruation periods, that a low reticulocyte figure goes with a 
high ripening index figure; a circumstance which is moreover to be 
observed throughout the animal kingdom. Menstruation plays a big 
part in the height of the ripening index figure since immediately 
prior to menses a rise is seen in the as ji^et unknown substances that 
determine the ripening of the reticulocytes. 
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Two cases of spontaneous hypoglycemia due 
to a tumor of the islands of Langerhans. 

By 

CORNELIA VAN BEEK, A. J. CH. HAEX and 
Dr. P. J. KOOREMAN. 

(Submitted for publication June 22nd, 1942). 


The clinical symptoms due to overdosing with insulin were first 
described by Banting (1) et al. (1923). Shortly afterwards Seale 
Harris (2) suggested that similar symptoms might also be caused 
by hyperinsulinism, and the correctness of this view w'as con- 
firmed by Wilder (3) et al. (1927) in a case of sj)ontaneous hypo- 
gtycemia due to a carcinoma of the islands of Langerhans (in this 
paper from now on abbreviated to I. of L.) accompanied by metas- 
tatic nodules in the liver. In 1929 Howland (4) et al. reported that 
they had healed a female patient suffering from spontaneous hypo- 
glycemia by the removal of a tumor of the I. of L. This operation 
has since been successfully repeated about fifty times. 

Elsewhere we (5) have discussed the hypoglycemic sympto- 
matology. Hypoglycemia proves to be a condition of comparatively 
frequent occurrence and is responsible for a wide range of symptoms 
that have often been ascribed to other causes, like epilepsy, brain 
tumor, hysteria, neurasthenia, gallbladder infection, duodenal ulcer etc. 

Observations made by us on two cases of hyperinsulinism due to 
a tumor of the I. of L, seem interesting enough to Justify their pub- 
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lication. One was a case of carcinoma of the L of L. accompanied 
by inelastalic nodules in the liver; it was found at autopsy. Ihc 
other was of a young man suffering from a severe hypoglyecmia, 
whose life was saved by the removal of an adenoma of the islet 
cells in the head of the pancreas. 


I. A case of carcinoma of the I. of L. which was only 
recognized at the postmortem examination. 

An obese woman, ,52 years of age, was lirought up for autopsy 
with the diagnosis; insufficientia cordis and extrarenal uremia. In 
the head of the pancreas a greyi.sh tumor the .size of a cheslnul was 
found, wliich had grown into the mesentery. The greatly enlarged 
liver wciglied -loSo g, and consisted largely of light grey and yelloYY- 
ish globose nodules. The latter were necrotic in the centre, and 
those on ttie surface showed a central depression (fig. 1). The skin 
was not jaundiced; the sclcrae were pale yellow. The macroscopical 
diagnosis was therefore; carcinoma in the bend of the ))nncreas with 
multiple mctastascs to the liver. Thanks to the data contained in 
the paper of 5Yilder (3) et al. the microscopic examination led to the 
diagnosis: cancer of the islet cells of the pancreas. The primary 
focus in the pancreas contained, embedded in connective tissue, 
polygonal colls with chromatinic round to ovoid nuclei of different 
size, but reminding one nevertheless of normal islet cells (fig, 2). 
Mitoses were found sporadically. A great many areas were necro- 
tic. In a few veins tumor cells were seen. Outside ihc tumor tlic 
pancreas was practically normal. 

The tissue that had proliferated into the mc^culoTV was analo- 
gous to that described above. The contact willi the circulation 
was here very close indeed, for tumor cells were found immcdialclv 
against the walls of the capillaries. 

The mctastascs in the liver showed a more polymorphic charac- 
ter than the primar}'- focus, and mitoses were far more numerous. 
The tumor cells often lay cml.cddcd like islets in a strongly deve- 
loped stroma of connective tissue (fig. .3). I'hey were also'found at 
several places in the capillaries in the midst of liver cells showing 
to a marked degree fatty degeneration (fig.' d). The bile tubules 
occasionally contained bile cylinders. 
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Fig. 1. Left: primary carcinoma in the head of the pancreas. D = duodenum. 
Right; metastatic nodules occupying the larger part of the greatly enlarged 
liver. The centre of these nodules is necrotic and those on the surface 

show a central depression. 


As the diagnosis cancer of the I. of L was only made after the 
data of the microscopical assay had become available, it was too 
late to determine the amount of insulin contained in focus and 
metastascs. Of cancer of the I. of L. accompanied by metastatic 
nodules in the liver seven cases have been reported, and they all 
showed microscopically the same character as that described above. 
In three of them an extract was made, either from the focus or 
from the metastases, and this, injected into rabbits, was found to 
lower the blood sugar concentration fWilder (3) et ah, Bickel (6) 
et al., Gragg (7) et al.]. In four cases during the life of the patients 
the symptoms of spontaneous hypoglycemia had been noticeable 
[Wilder (3) et al., Judd (8) et al., Gragg (7) et al., Joachim and 
Banowitch (9)]. Tumors starting from endocrinous glands are 
preeminently remarkable for their specific function [Askanazy 
( 10 )]. 




Fig, 2. Primary focus in the pancreas consisUng of polygonal cells provided 
svilli chromalinic round to ovoid nuclei embedded in conned ivc tissue. On 
the right side necrosis is visible. (100 x). 

Our patient was ill for eight weeks Slic suffered from allaclts of 
pain radiating from the upper right pari of the abdomen to the back 
and to the right shoulder. She was neiilier feverish nor jaundiced, 
hut vomited often, Slie also felt dull and sleepy. Althougli neither 
sugar nor proteins were found in the urine, a coma uraemicnm or 
diabelicum was expected, and she was therefore taken to the. Acade- 
mical Hospital, Leyden. The examination of the abdomen was 
hindered by tlie strongly developed panniculus adijiosus; distinct 
aberrations were not found. The urine contained much urobilin, but 
no reducing substances. On accounl of the serious attacks of vo- 
miting, the amount of chlorine in the blood Avas determined; it was 
found to be low (2,13 g ])er litre in tolo; 2.98 g per litre in the blood 
plasma; 1.34 g per litre in the erythrocytes). As the ureum concen- 
tration of the blood was 840 mg per litre, an uremia spar manque 
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Fig. 3. Metastatic nodule in the liver showing an unmistakable resemblance 
with normal I. of L. The liver parenchyma (to the right) shows a high 
degree of fatty degeneration. (100 x). 


de sell) was supposed to be present. Even though large amounts of 
NaCl were given, per os as well as intravenously, the patient grew 
worse. vShe became slightly jaundiced, and the reaction of Hymans 
van den Bergh proved directly positive and indirectly increased: 
4.29 U. As the urine showed a slight reduction ^ the blood sugar 
concentration was determined: 112 mg %. Unfortunately the time 
at which this determination was made, was not noted, so that it 
is of no use. Nine daj’^s after her entry the patient died, practically 
in coma. Spontaneous hypoglycemia was not taken into considera- 


^ Wilder (3) too has observed that in cases of hyperinsulinism the urine may 
temporarilj’^ show reduction. This reduction maj’’ be due to the presence of 
dextrose, and if so, then it can be accounted for by assuming that the great num- 
ber of metastases impede the normal function of the liver to such a degree that 
part of the carbohydrates of the food can no longer be stored in the form of 
gl 3 'cogen, but are temporarilj^ passed on to the blood and the urine. 
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tion, but now that the microscopical assay lias suggested its pre- 
sence, the clinical aspect of the case is comprehensible enough, 
for the abdominal pain as well as the vomiting and dullness and, 
finally, the coma, all fit into the syndrome of hypoglycemia. 

n. A patient suffering from an adenoma of the I of L., 
who was successfully operated. 

D. L., a 18 year old industrial labourer, came in October 1910 to 
the outpatient department of neurologj", Leyden. He complained 
that faintness had overcome him on his bicycle. A few minutes 
earlier he had become aware that his thoughts were wandering, and 
that, as in a dream, reminiscences passed through him. He grew 
chilly, began to shiver with cold, and his legs felt tired and heavy. 
The patient did not perspire. Notwithstanding his illness, he rode 
home. After he had eaten a slice of bread, he felt better. Four 
months earlier he had had a similar attack, when at the factory. 
There he seems to have lain kicking his legs (but witiiout biting his 
tongue and without incontinentia urinac et alvi). 

At home too he had had several similar attacks; ho then talked 
aloud without knowing what he was saying, and afterwards dropp- 
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ed asleep. The practitioner who treated him, could not explain 
these attacks of »syncope». The patient thought there was some con- 
nection between his complaints and the outbreak of war. 

At first the patient was treated for atypical genuine epilepsy. 
Examination, however, revealed nothing which might have ac- 
counted for an organic brain disease. The photograph of the skull 
revealed no aberrations. In spite of the administration of luminal, 
the complaints did not quite stop. He still felt somewhat tremulous, 
and once he had another attack, which he ascribed to an insufficient 
meal. A cup of hot coffee revived him. 

In April 1941 the patient returned to the outpatient depart- 
ment of neurology. His appearance was absolutely that of a man 
being intoxicated and he was in a state of subcoma. The possibility 
of a spontaneous hypoglycemia was taken into consideration (Dr. 
W. F. Storm). The blood sugar concentration indeed proved to be 
only 45 mg %. After sugar had been administered, the patient 
recovered completely. For further observation he was taken to the 
internist’s ward. Physical examination revealed no aberrations, 
nor could resisting parts be paljiated in the abdomen. Liver and 
spleen were not enlarged. The blood pressure was 134 mm Hg. 
systolic, and 88 mm Hg. diastolic. Pulse: 80, regular and equal. In 
the urine no abnormal components were found; the reaction on uro- 
bilinogen was negative. The precipitation rate was in the first hour 
2 mm, in the second 4 mm (method of Westergren). The Wasser-- 
mann reaction was negative. The bilirubin reaction after Hymans 
van den Bergh was normal. The blood sugar concentration, the 
diet being normal, was originally; 

8^\30: 52 mg % (fasting); ll’‘.30: 54 mg %; 3’h30: 70 mg %. 

From the numerous sugar determinations made of the blood of 
the patient in the period of his illness before the operation, it ap- 
peared in the first place that the fasting values were constantly 
subnormal (average 48 mg %); and in the second place that these 
values, notwithstanding the large amount of dextrose that was 
daily administered, were decreasing. 

As there was no indication of hypofunction of the anterior lobe of 
the hypophysis, the thyroid or the adrenal glands, we diagnosed: 
probably an adenoma of the I. of L., and an operation was decided 
on. As spontaneous hypoglycemia may lead to sudden death, per- 
manent psychical changes or a malignant degeneration of a perhaps 
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innocuous tumor of the I. o( I.., we warned against a conscivative 

therapy. ..,41 

The patient was operated under nitrous oxide-oxygen-aether 

narcosis (Kooreman). An hour previous to the operation he was 
given 100 cm3 of a 25 % dextrose solution intravenously, and shortly 
before the operation a permanent intravenous infusion of Binger’s 
solution containing 5 % dextrose was attached, flic abdomen was 
opened with a median longitudinal incision above the umbilicus. 
Tile ligamentum gastro-colicum was divided over a great distance. 
The stomach was drawn upwards and the transverse colon down- 
wards, corpus and cauda of the pancreas thus cominginlo full view'. 
The pancreas looked perfectly normal, but on palpation there 
proved to be tw’o sharply defined, resisting sclcriases, one near the 
upper margin and one in the centre of the corjms, both slightly pro- 
truding. They were about 1 cm in diameter. Although their 
colour w’as not markedly different from the remaining part of the 
pancreas, they -were taken for adenomas of the T. of L., and remov- 
ed. The two w’ounds in the pancreas were sowm up Yvith fine silken 
thread, and the pancreas bed drained. The ligamentum gaslro- 
colicum and the abdomen w-cre then closed. 


Previous to the dextrose administration the blood sugar value 
had been 80 mg %; after the operation it wns S3 mg % (the perma- 
nent intravenous infusion remained in function after the operation); 
four hours later 102 mg %. In spite of the intravenous infusion, tlie 
increase of the blood sugar value was therefore very limited. This 
made it seem doubtful that we should have succeeded in removing 
the adenoma. In the evening the blood sugar value decreased 
to 75 mg %. Tile next day the intravenous infusion was 
removed. The blood sugar value then decreased to 45 mg %. Two 
days later in the early morning the patient had an attack of hypo- 
glyccmia, from wdiich he could only he roused hv the admitiistra- 
tion of dextrose. Histological examination of a jiart of the removed 
tissue did not reveal an}’- pathologic changes. This excluded Ihc 
possibility of a diffuse hypertrophy of the I. of L. The amount of 
insulin in what remained of the exlirfiatcd part of the pancreas was 
about 2 U. per gram tissue (Ovcrbcelc, Pharmacological Lahoratovv. 
Leyden). The wound healed w>itbout complications and after H 
days tlie patient was removed to the internist’s ward. A dcxlro.se 
tolerance test w^as made. Determinations in the morning, before 
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food had been taken, could not be made, as the patient would have 
a len into coma. At 6 o’clock in the morning the patient therefore 
bad a light breakfast, and at 9^.30 a blood sample was taken for 
the assay; the value proved to be 44 mg %. Then the patient was 
given 50 g dextrose per os; after that the blood sugar values were- 
lOj': 108 mg %; 10'\30: 127 mg o/^; nh.ys mg %; 11^.30: 74 mg <>/■ 
15 *.30; 76 mg % (cf. fig. 5). The blood sugar values were also 
determined when the dextrose was not given per os, but intrave- 
nously, the injection consisting of 100 cm^of a 20 % dextrose solu- 
tion. This series of determinations was repeated after the patient 
had received 1 cm^ Benerva forte daily for 6 days. The level of this 
curve proved to be higher (cf. fig. 5). 

In spite of the low blood sugar values (down to 20 mg %!) the 
patient did not become unconscious. 

The liver function was estimated with the aid of the galactose 
test; it proved to be negative. The urine did not contain uro- 
bilin. 

As the symptoms might be due to an atypical attack of tetany, 
the calcium and phosphor concentrations of the blood were deter- 
mined; they were found to be 10.3 and 5.2 mg % respectively, which 
excludes this possibility. 

Although dextrose was given regularly, the attacks of hypogly- 
cemia continued. In view of the dangerous complications of the 
sjiontaneous hjTogly^^rnia, another operation was decided on. The 
results of our further investigations had changed nothing in our 
original diagnosis; on the contrary our conviction that a tumor of 
the I. of L. must be present, was firmer than before. 

Eight weeks after the first operation the second one was made 
(Kooreman). The patient’s weight had in the meantime distinctly 
increased, and the operation was therefore more difficult. This 
increase in weight has often been reported and is doubtless due to 
the diet being rich in caibohj’^dratcs and to the administration of 
extra dextrose. The operation was prepared in the same way as 
the previous one. The same entrance to the pancreas was used. 
Then it proved necessary to make a further incision perpendicular 
to the median one and to the left of it. Many adhesions were found 
between the front part of the stomach and of the colon with the wall 
of the abdomen. Moreover, a large part of the bursa omentalis 
proved to be obliterated. After some trouble a good view of the pan- 
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creas was obtained. Tiie corpus and cauda and, as far as possible, 
the caput too were carefully examined, but an adenoma could not 
be found. Then corpus and cauda were mobilized, and carefully 
palpated, but without result. It was decided to remove a large 
part of the pancreas in the hope that in this way an unpalpable 
adenoma might be got rid of. The possibility that a diffuse hyper- 
trophy of the I. of L. might be present, was disproved by the results 
of the histological examination and of the insulin determination 
made after the first operation. The mistake avc made at the second 
operation, will be discussed later. It appeared necessary to extir- 
pate not only a part of the pancreas but also the enlarged spleen. 
This, the cauda of the pancreas and that portion of the corpus which 
extended to the left of the large vessels were removed at the same 
time. The pancreas wound was carefully sown up with silk, catgut 
being unsuitable as it is digested by the pancreatic juice. Then 
the pancreas bed was drained. . Wliipple (11) too is of opinion that 
splenectomy is necessary in order to prevent serious hemorrhagiae, 
which might easily come to pass wdien corpus and cauda of the pan- 
creas are divided from the spleen vessels. Of the liver loo a small 
part was removed for the determination of the glycogen concentra- 
tion (Overbeek). It proved to be 1.08 g % (during the operation loo 
the patient still received dextrose!). Tlic normal glycogen concen- 
tration in the liver is about 6 — 8 g %. Tlie liver showed no palliolo- 
gical changes. 

This operation too proved to lie unfortunately unsuccessful. 
Immediately after the operation the blood sugar value was 110 

%>■ 4 hours later lOS mg %. Then it went down gi’adually. 
After two days the dextrose infusion was removed, and the day after 
the patient had another attack of hypoglycemia. The histological 
examination of tlie extirpated part of the pancreas showed no ab- 
normalities, and an hdcnoraa could not be found. 

3 his time too the wound healed without complications, and four 
weeks after tlie operation tlie patient was removed again to the inter- 
nist s ward. Here some of the clinical investigations were repealed. 
Quick s hippuricacid test was normal; the galactose test again show- 
ed no diversion. According to the Rontgenologist (lie Rdntgeno- 
p-am of the duodenum suggested the presence of a tumor in the 
lead of the pancreas, as there was a relatively large bend in the 
duodenum. Aftenvards tin's proved to Iiave been more or tesacci- 
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dental, as the tumor brought to light by the third operation ^vas 
very small. 

The patient were given adrenalin injections, about 2—4 cm^ of a 
1: 1000 solution daily. The amount of sugar required by the patient 
was now much smaller. On some days even he received no extra 
dextrose at all. But the high adrenalin doses which he received 
during one week (3 dd, 2 cm^), could not prevent occasional attacks 
of hypoglycemia. 

We found the following blood sugar values (cf. fig. 5): fasting 
38 mg %; after two injections, each of 2 cm^ of a 1: 1000 adrenalin 
solution, an increase to 66 mg %. The condition of the patient, who 
had been in a state of subcoma, was at the same time considerably 
improved. 

The large and more or less constant supply of insulin produced in 
these patients by the tumor of the I. of L., results finally in a 
decrease of the amount of glycogen stored in the liver. So it is ex- 
plained that during the second operation, even though the patient 
was -supplied with a dextrose infusion, the amount of glycogen 
was but 1.08 g %. The adrenalin injections lower this amount still 
further. When an operation is contra-indicated, and also where a 
symptomatic therapy is desirable, the adrenalin administration 
should therefore be combined with gifts of dextrose. 

The diagnosis, organic hypoglycemia due to a tunior of the I. of 
L. was for our patient maintained: the fasting blood sugar value 
was regularly low, the liver function normal, and the dextrose tole- 
rance tests and the progressive character of the disease pointed in 
the same direction. When the patient received no extra sugar, he 
was now in the morning usually unconscious. In view of these facts 
and taking into account the dangerous consequences of spontaneous 
hypoglycemia, particularly should the patient be nursed at home, we 
were bound to advice another operation. Especially as Whipple (11) 
and Windfeld (12) had successfully removed adenomas from the 
head of the pancreas, and as we were convinced that in our patient 
too the adenoma must be present in that part of the organ, we 
considered a third operation highly desirable and,. in fact, the pati- 
ent’s only chance of life. 

Ten weeks after the second operation the third one was per- 
formed (Kooreman). To prepare the patient for the operation, he 
received a permanent intravenous infusion of Ringer’s solution, this 




time without dextrose. During the operation moreover a dose of 
5 g dextrose was intravenously injected. To enter into the body 
cavity the wave incision (ICehr) was used. After llic removal of 
many adhesions the duodenum could be mobilized according to 
Kocher’s method. Then the caput pancreatis was painstakingly 
searched. Its aspect was normal, but below the papilla of Vater 
an elastic tumor about the size of a small hazel-nut was palpated. 
After a great deal of trouble due to the various bloodvessels, we 
succeeded in removing this tumor, which appeared to be of a blue- 
purple colour, and to be surrounded by a capsule. No other tumors 
were found. After the bleeding liad carefully been checked, the 
wound was closed, and the operation bed drained. The lengthy 
operation was well sustained by Hie patient. This time is proved to 
be successful. Half an hour after the operation the blood sugar value 
was 105 mg %; the other values obtained during the first 24 hours 
after the operation are given in fig. 5 in the form of a curve, and will 
be discussed below. The next morning already it appeared that 
administration of extra dextrose was no longer nccessarj^ and 
that instead insulin had to be given. Owing to a slight infection, 
the wound did not heal so well as before. After a few weeks the 
patient went home completely cured. Controls, three and eight 
months later, showed a perfectly normal blood sugar curve, 'khe 
patient had no complaints, and had resumed his work at the lac! ory. 

Ac/a mcd. scandinav. Vo!, CXI I. 
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Pathological Report. 

Gross Examination. 

The tumor is slightly smaller than a hazelnut, shows a wine-red 
tinge and a rubber-like consistency, and is enclosed in a thin capsule 
of vascularized connective tissue. The section is purple-red and 
minutely granulate. As part of the tumor was destined for tissue 
culture, the whole object had to be removed and divided aseptically, 
which made measuring and weighing impossible, but as the part 
destined for microscopical investigation Avas about one third of the 
tumor, and as it w^eiglied 370 mg, w^e may conclude that the weight 
of the v;hoIe tumor must have been about 1.1 g. 

M icToscop ic Exam in aiion. 

The tissue is strongly vascularized, hyperemical and shows in 
several areas extravasation of blood. From the thin capsule vascu- 
larized septs of connective tissue penetrate between the tumor cells. 
These are round or polygonal, and provided with a round or ovoid 
nucleus, showing a delicate tracing of chromatin. The protoplasm 
stains evenly, and is not vacuolated; and as it does not accumulate 
Sudan III, fats and lipoids are absent. 

Where the tumor cells abut on the septs of connective tissue 
they often assume a cylindrical shape, and arrange themselves in 
the form of trabeculae. Not unfrequently they appear like islets 
resembling the I. of L. There is no polyonorphism, and there are 
no mitoses (fig, 6 and 7). There are also cells with very little proto- 
plasm and a pycnotic nucleus, -which are not unlike lymphocytes, 
though slightly larger. They occur in nests that are strewn through- 
out the section. Hyalinization is not shovii by the connective tissue, 
neither in- nor outside the tumor, and the amyloid tests are nega- 
tive. 

In the capsule tumor cells are found locally. In several of the 
smaller veins too they lie in the midst of the erythro- and leucocytes 
(fig. 8). Does this mean that a dissemination to the liver already 
had taken place? Or was the presence of the tumor cells in the 
vessels due to the manipulations to -o^hich the organ in the course 
of this rather difficult operation had been subjected? As the tissue 
sho-R^ed in several places extravasations of blood, the last-named 
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Fig. 6. Adenoma cells resembling normal islet cells. (100 x) 


supposition is probably the most acceplible, but the first possibility 
is not excluded. The proliferation into the capsule as well as the 
presence of tumor cells in the circulation arc, however, a warning 
against too great optimism with regard to the prognosis: If after 
five years the patient should still be free of complaints, it may be 
taken for granted that the presence of tumor cells in the circula- 
tion was a by-effect of the operation, but if the patient should die of 
metastatic nodules, then it will be impossible to decide whether the 
dissemination had taken place before or during the operation. In 
any case at the time of the operation the liver showed no trace of 
metastatic nodules, and a lymph gland removed from the neigh- 
bourhood of the pancreas proved, when examined under the micro- 
scope, to be free of tumor cells. 

As there is no atypia, but on the contrary a striking resemblance 
with the cells of the normal I. of L., no polymorphism and no 
mitoses, it seems better not to classify this tumor as a carcinoma, 
but as an adenoma. 

Virginia Frantz (13), dealing with IS adenomas, observed a 
local proliferation into the capsule and the presence of tumor cells 
in the circulation four times. Of these four patients one after the 
operation died of bronchopneumonia, whereas the three others 
were respectively 17, 13 and 5 months after the operation still per- 




Fig. 7. Trabecular stiucture of tumor cells abutting on the connective- 

tissue septs. (200 x). 


fectly free from complaints. We . agree with this author, by 
whom these tumors are designated as malignant adenomas that 
with regard to the prognosis it will be necessary to keep these 
patients under observation. Should a relapse occur, it should be 
reported. 

The proliferation into the capsule, and sometimes even further, 
has been observed by other investigators also (a. o. Priesel (14) 
Thalhimer and Murphy (15), Howland (4) et ah. Bast (16) et ah, 
Munakata (17)]. In tumors arising in the endocrinous glands it is, 
however, often as difficult to draw the line between an adenoma 
and a carcinoma, as between an adenoma and a hyperplasia. 

The patient described by Howland (4) et ah was 10 years after 
the removal of a carcinoma (in our opinion a malignant? adenoma) 
of the I. of L. in excellent health, and may therefore be regarded as 
cured [cf. Campbell (18) et ah). 

True carcinomas of the I. of L., with polymorphism, mitoses, 
necrosis and metastatic nodules, have but seldom be described. 
We found but 7 records [Wilder (3) et ah, Hamdi (19), Judd (8) 
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Fig. 8. A small vein in -which, besides red and white blood corpuscles, 
tumor cells are present. (200 x). 


et al., Evangelisti (20), Bickel (6) et al., Cragg (7) et a]., Joachim 
and Bano-witch (9)], and ours therefore is the eighth. Possibly this 
syndrome too is still insufficiently acknowledged. 


Discussion. 

As a more or less detailed survey of the literature dealing with 
this interesting syndrome has already been given by others (cf. 
especially "VAOiipple and Frantz (21) and Frantz (13), we will men- 
tion a few points only. 

A paper by Conn (22) gives an excellent review of the various 
causes of the liypoglycemic syndrome, and sharply discriminates 
between the organic and the. functional form. A detailed differen- 
tiation is necessary, as the therapy should,’ as far as possible, take 
the underlying cause into account. Elsewhere we (5) have already 
discussed the importance of Conn’s paper. The fasting blood sugar 
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value, the dextrose tolerance test, the usual liver function tests and 
the clinical course are according to Conn the four main points of the 
differential diagnosis of the various liypoglycemias. 

That the possibility to diagnose a tumor of the I. of L. by 
clinical observation is not yet generally recognized, appears e. g. 
from a recent paper by Bertschingcr (23), Switzerland. In lus 
communication, which deals with two cases of spontaneous hypo- 
glj’^cemia, he mites i, a.: ». . . viellcicht handelt cs sich um Hyper- 
insulinismus als Folge von Inseladenomen, die dcr Idinischen Fest- 
stcllung nicht zuganglich sindo. 

Gukclberger (2'1) very recently described a case of spontaneous 
bypoglyccmia in which unfortunately the diagnosis was incomplete, 
the determination of the blood sugar value during an attack being 
omitted. Gukelbcrger is of opinion that an adenoma of the I. of L. 
is improbable as the Rdntgenogram revealed no deviation in the 
duodenum bend, and as there were no pancreas pains nor other 
symptoms of pancreatitis. Adenomas of the I. of L., however, arc 
not accompanied by pancreatitis symptoms, and a deviation of the 
normal course of the duodenum is only to be expected when the ade- 
noma lies in tlie head of the pancreas and is at the same time very 
large. In our opinion in GukcllHUger’s patient the presence of a 
tumor of the I. of L. is not excluded. When in a patient suffe- 
ring from hypoglycemia the attacks cease as soon as dextrose is 
administered, and when the liver, llie hypophysis, the adrenal 
gland.s and Die tliyroid gland ap])ear to function normally, hj^ier- 
insulinism becomes very probable. For discriminating between func- 
tional and organic hyperinsulinism the fasting blood sugar values 
should be determined and the dcxtro.se tolerance test made. Fasting 
values below 50 mg % arc a strong indication in favour of a tumor 
of the I. of L., and this diagnosis becomes even more probable 
when the syndrome shows a progessive character. 

Wien organic liyperinsulinism is indicated, there is but one 
therapy; the operation. Our second case may serve as a striking 
illustration. In patients like this one a conservative therapy does 
more harm than good. The disease is progressive, and the rcgularl}' 
returning attacks of hypoglycemia arc decidedly dangerous, for they 
may cause mors subita or permanent psychical aben’ations, and it 
is not impossible that an originally benign adenoma may in the end 
lead to metastases! 



181 


TWO CASES OF SPONTANEOUS HYPOGLYCEMIA ETC. 

As adenomas of the 1. of L. arc but seldom found in the head of 
the pancreas (of about 100 adenomas of which records were avail- 
able to us, but 14 wei'e localized here), we decided, when we oper- 
ated for the second time, to a partial pancreatectomy. We hoped 
that the tumor would be present in the removed portion. Herein we 
were disappointed, but the third operation enabled us to rectify our 
mistake. The patient is still in possession of half his pancreas, but 
considering that there is some tendency to diabetes in his family 
(grandmother), it remains possible that the loss of part of his pan- 
creas will do him harm in the future. 

In accordance with our experience wc fully agree with 
Whipple (11): »The witcr would strongly emphasize the necessity 
of a very thorough search for tumor tissue before either the incision 
is closed or the decision to resect a large part of the pancreas — body 
and tail — is made and the resection is done. For the results after 
removal of islet adenomas are brilliant, whereas those after resect- 
ing the pancreas, especially if an adenoma is left in the remaining 
head, are very disappointing. The fact that in three of our own 
cases and in two others reported, an islet tumor in the posterior 
aspect of the head of the pancreas was not discovered until a second 
operation (in four) or at autopsy (in one) and partial pancreatectomy 
failed to relieve the hypoglycemic state, is strong evidence that 
the other failures, with removal of bod}' and tail, were due to over- 
looked islet tumors. Tliis emphasizes the importance of mobiliza- 
tion of the duodenum and palpation and inspection of the entire 
head of the pancreas before deciding on a partial pancreatectomy)). 
Akerberg (25) too shares this opinion. The transverse incision 
above the umbilicus according to Whipple is the best entrance. 

The possibility that more than one adenoma may be present, 
must always he borne in mind. Whipple operated a ])aticnt suffer- 
ing from spontaneous hypoglycemia, but only after a second opera- 
tion, in which a second adenoma was removed, the patient was 
cured. 

Moreover there are reports of adenomas revealed at aulo})sy, 
but overlooked during the operation [Ziskind (26), Friedman (27), 
Rienhoff and Lewis (28)]. As the adenoma has, as a rule, but a 

diameter of 1 to 2 cm, the examination during the operation sliould 
be ver}’- careful! 

After the removal of the adenoma transient hyperglycemia sets 
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in (cf. fig. 5). This should not be forgotten, and at the right time a 
sufficient dose of insulin should be administered. The famous expe- 
riments of von Mering and Minkowski (29) (1889) Nvith dogs in 
wliich after pancreatectomy diabetes set in, are instructive too in 
this connection. Nineteen out of the twenty test animals incurred a 
wound infection as soon as the hyperglycemia manifested itself. 
Therefore, as soon as hyperglycemia sets in, insulin should be 
given in order that the wound caused by the removal of the adenoma 
may heal under the most favourable conditions. 

After the operation a regular control of the blood sugar values is 
necessary. In our patient we found that soon after the removal of 
the adenoma the blood sugar values began to rise. The same even- 
ing the patient received 15 U. insulin, and in the night the blood 
sugar concentration rose to 230 mg %. The next day the same 
dose was administered three times, after which the blood sugar 
values became once more normal. Four Avecks after the operation 
the oral curve was nearly normal; tliree monllis and also eight 
months later the oral curAm Avas once more determined, and proA^ed 
to be entirely normal. This passing form of diabetes has been de- 
scribed by others also. Values up to dOO mg % have been reported 
[Windfeld (12)]. Hoav is this hyperglycemia to be explained? 
After the remoA\al of an adenoma of the parathyroid gland a passing 
tetany may shoAv itself, and this has taught the surgeon the neces- 
sity of administering to the patient for some days after the opera- 
tion calcium and parathormone; this treatment to be continued 
untill the equilibrium is restored. The remoA’a! of an adenoma of 
the I. of L. AA-ill probably cause a similar disturbance. 

The constantly Ioav blood sugar values suggest a high con- 
centration of insulin in the blood. It is therefore quite possible that 
the concentration of the contra-insular hormones produced by the 
hypophysis, the adrenal glands and the thyroid is also higher than 
normal. The abrupt cessation of the insulin production might cause 
a passing dominance of these contra-insular hormones and conse- 
quently a temporary hjqicrglycemia, this condition maintaining 
itself untill the equilibrium is restored. 

In hypoglycemias of the organic type, e. g. in our second patient, 
the attacks as a rule occur after fasting; usually therefore in the 
morning. One of Windfeld’s patients at first had them on Sundays 
only; on these days he rose later than usually, and breakfasted at a 
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later hour. In the psychiatric department the syndrome was 
recognized as insulin shock. 

The part played by the liver in the origin of the attacks should 
also he shortly discussed. The endogenous liver rhythm of Fors- 
gren (30), which consists of an assimilatory and a dissimilatory 
phase, might in the assimilatory phase, i. e. in the phase in which 
the synthesis of glycogen from dextrose of the blood takes place, 
and which occurs in the early morning, favour the outbreak of a 
Itypoglycemic attack. Akcrbcrg (25) moreover is -of opinion that 
»A low blood sugar level does not cause a compensatory glycogeno- 
lysis during that part of the day when the liver is worldng assimila- 
tivety)). Biopsy of the liver [method Iversen-Roholm (31)] of a 
patient suffering from dj^spepsia (the disease, however, is in this 
connection Avithout importance), respectively at 8.45 and at 16. — , 
revealed no difference (the liver parcnchj'ma was fixed in 96 % 
alcohol and subjected to Best’s glycogen staining metliod). In a 
second patient too tlie biops}’- did not reveal a clear difference; 
this time the samples were taken respectively at 11.30 and at 23.30. 
For the time being we are therefore inclined to agree Avith those 
authors according to whom the importance of the Ih^cr rhythm for 
the origin of attacks of hj^oglyccmia is as yet unproA^ed. 

Windfeld (12), and otliers also, regard a rapid decrease of the 
blood sugar value as an important factor in tlie origin of an attack. 
In vicAv of the form of the cur\^es obtained from our second patient 
Avhen sugar Avas intravenously injected, it seems to us that this 
is not ahvays so. 

The success of the third operation loads to the conclusion tliat 
the small adenoma Avas indeed the cause of the attacks of hypo- 
glycemia. It is quite possible that the tumor produced a super- 
abundant amount of insulin. The amount of insulin in a normal pan- 
creas is 2 — 3.5 U. per gram tissue. From an adenoma too insulin 
can be extracted. HoAvland (4) et al. Avere the first to report on this; 
the determination itself Avas carried out by Best, and Avas qualita- 
tiA^e only (1929). Akcrbcrg (25) found in the adenoma of his patient 
8 U. per gram tissue; Windfeld (12) found in one adenoma 15 U, 
and in another 20 U.; and Munakata (17) reported 27.7 U. Best (32) 
recently, in a survey, mentioned an amount as high as 85 U. per 
gram tissue. In the adenoma of our second patient somewliat more 
than 5. U. per gram Avere found (Ovcrbeck). This adenoma Avcighed 
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slightly more than 1 g and contained therefore more than 5 U 
insulin. A normal pancreas of about 100 g comprises about 10 g 
islet tissue, and contains 200 to 350 U. insulin; the amount of insulin 
found in our adenoma (about 5 U.) is therefore too low to explain the 
syndrome. It should not be forgotten, however, that our method of 
investigation is not perfected to the same degree as in America. 
According to Hagedorn (33) the insulin concentration of the 
adenoma is the same as that of healthy islet tissue, but this is in 



Fig. 9. blood sugar curve after injection of control culture fluid. 

blood sugar curve after injection of the tissue culture fluid. 

disagreement with Best (32). Possibly the adenoma produces insu- 
lin continuously [Akcrberg (25)]. A satisfactory explanation, 
however, is not yet possible. 

Tissue cultures of adenomas have also been attempted. Marga- 
ret Murray (34) in 1935 started tissue cultures from two adenomas; 
her intention was to use them in diabetes treatment. After four 
weeks one of the tissue cultures was transplanted in the axilla of a 
female diabetic patient, but a result was not obtained. One of the 
adenomas removed by Windfeld (12) was used by Fischer for tissue 
culture. Hagedorn (33) examined this culture in order to find 
out whether insulin was present, but neither in the tissue itself, nor 
in the substrate it could be found [cf. Windfeld (12)]. 

Dr Gaillard (from the Department of Histology of the State 
University, Leyden) was kind enough to carry this through. Al- 
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though at first inclined to assume that the cultivated tissue indeed 
produced insulin, Ave afterAvards became sceptical Avith regard to 
these results, the effect on the blood sugar value of the test rats not 
being sufficiently clear. Since then hoAvever, Ave could supply 
Dr Gaillard AAuth an adenoma obtained from a patient of Dr Lups, 
Utrecht, Holland. We AAUsh to thank Dr Lups for his benevolence 
in transmitting to us this adenoma. This time Dr Gaillard succeeded 
in obtaining AA'ith his culture fluid a decrease in the blood sugai 
level of the test rats (fig. 9). 


Conclusions: 

I. The syndrome of hypoglycemia, a condition that may be 
regarded as dangerous, sIioaa's a great diAmrsiiy of aspect, and is 
still too little acknoAAdedged. 

II The cause of spontaneous hypoglycemia is sometimes of 
an organic, and sometimes of a functional nature. 

III. As the treatment Avill have to depend, as much as possible, 
on the underlying cause, a detailed differential diagnosis is impera- 
tive. 

IV. If the hyperinsulinism proves to be of an organic nature, 
the only admissible therapy is operation! A transverse, slighlty 
bent incision above the umbilicus according to Whipple is rccom - 
mended for the opening of the abdomen. 

V. Carcinoma of the I. of L. seems to be rare. Only scA’^en 
cases have been reported; ours being the eighth. IMctastatic nodules 
are found mainly in the liA’^er, but sometimes also in the parapancrca- 
tic lymph glands. From tlicse metastases a substance can be ex- 
tracted that in rabbits causes a decrease of the blood sugar concen- 
tration. 

VI. Adenomas of the I. of L. are less rare than untill recent I a'’ 
Avas assumed. They may sIioav signs of malignancy, and finally 
form metastases. The operation therefore should not be indefinitely 
postponed. 

VII. If the adenoma is not seen or palpated either in the tail or 
in the body of the pancreas, the duodenum should be mobilized in 
order that the head may be inspected and palpated, before decid- 
ing on a partial pancreatectomy. 
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VIII. After the removal of the adenoma a transient hyperglyce- 
mia sets in. During this time insulin should be administered in 
order to prevent infection of the wound. 

IX. The possibility is discussed that contra-insular hormones 
may play a part in the pathogenesis of this postoperative hyper- 
glycemia. 

X. If microscopically tumor cells are noticed in the venules of 
the adenoma, the existence of metastasis towards the liver is not 
necessarily involved. As the adenomas are strongly vascularized, 
it is quite possible that the tumor cells may have passed into the 
bloodvessels during the enucleation. 

XL The history of a successfully operated patient is used for a 
detailed discussion of the diagnosis, the treatment and the patho- 
logy'- of the disease. A close cooperation between clinician, surgeon 
and pathologist leads in such cases to more satisfactory results than 
could otherwise be expected. 
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By 
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It has long been known that a number of diseases, also non- 
infectious ones, have a predilection for certain seasons. As examples 
might only be mentioned peptic ulcer and hypochromic anemia. 
The cause of such a seasonal variation is probably to be sought in 
a connection between external factors conditioned by the seasons 
and their effect on the organism’s resistance, which last varies 
with the different times of the year. 

It has been shown earlier, b}”^ Saltzman (1), that the occurrence 
of pernicious anemia, too, undergoes seasonal variation. His 
material consists of 194 cases of idiopathic and 326 cases of bothrio- 
cephalus pernicious anemia, treated at three Helsingfors hospitals 
during the years 1883 — 1913. The account showed that these 
closely related diseases, taken together, displayed a seasonal varia- 
tion in their appearance in that 343 — or ^/s — of the individuals 
applied for hospital treatment during the months March — ^August, 
Avhile one third was spread over the remaining six months. 

A similar tendency can be seen in a paper by Stranded (2). 
Here the material consists of 117 cases, treated at Serafimerlasa- 
rettet during the time 1913 — 1930. 

A scrutiny of the available haematological literature, how- 
ever, seems to show that the question of this land of seasonal 
variation has not otherwise been the subject of observation. 
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An increased Icnowledge of tlie nature of the disease and im- 
proved metliods of diagnosis have, during recent years, made 
possible a more reliable diagnosis. It has been possible to distin- 
guish severe anemias of other kinds than the peinicious, and also 
to classify less pronounced cases of pernicious anemia under their 
correct heading; in brief, a greater uniformity has been attained 
as regards the diagnosis. 

On these grounds, Doctor J. Waldenstrom has urged me to 
review the cases of idiopathic pernicious anemia treated during 
the last 12 years at the IMcdical Clinic in Upsala, with special 
reference as to Avhether there really is a statistically significant 
seasonal variation in the occurrence of the disease. 

This inA^e.stigation lias bolJi confirmed sucli a seasonal varia- 
tion for admittance to hospital, and also shown that the time the 
patients fell ill seems to he conditioned by the season of the year. 

The material consists of all the cases of pernicious anemia 
(p. a.), that were treated at the ^^Icdical Clinic during the years 
1930 — 1911, that were resident in the province of Upsala (Upsala 
liin) at the time of admittance; none of llicm had received liver 
treatment previously. During the period mentioned, practically 
all the recognized p. a. cases of the di.slrict received their diagnosis 
and therapy at this clinic; a small number of questionable cases 
from the first two years have been left out of account. The dia- 
gnosis is ensured bj^ the effect of onhj liver therapy (jicroral treat- 
ment up to 1931 inclusive and since 1932 injeclion therapy) with 
counting of reticulocytes and control until normal blood values 
were reached, and, as a rule, also by ynstrie nnaly.sis (since 1931 
fractionated testmcal, with histamine), K-ray exanunafinn of (he 
stomach, and since 1931, by sternal puncture. In practically all 
cases from 1939 inclusive the value, for scrum iron has also lieen 
determined [according to the method of Heilmcycr and Plolner 
modified b)' Vahlquist (3)] generally both before and during the 
therapy [see Waldenstrom (1)]. Ihus, lor the first two years the 
diagnosis can be taken as practically uniform, and for the time 
1932 — '11 as absolutely certain. 


The material comprises 190 ca.ses, 59 men and 131 women, or, 
in per cent, 31.1 % and 68.9 % rc.spectivcly. The pcrcenlagc of 
males m the whole of the district’s population at this time.' was 
19.2. Were both sexes liable to the same risk of falling ill with 
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p. a., the men might have been expected to have done so to 49.2 y 
± the material’s stan dard error. T his is calculated according to 

the formula e (p) = where p gives the percentage 

and n the number of observations — i e p = 1 ^ (100—49.2) 

\ 190 ^ 

3.6 %. The expected percentage is thus 49.2 ± 3.6. The percentage 
observed for the male patients falls outside these limits, however, 
and also outside the limits marked by 49.2 ± 3 X e. There is 
thus a preponderance of female patients, provided, of course, that 
p. a. was diagnosed to an equal degree in the two sexes. As my 
material comprises practically all cases of p. a. in the district there 
is certainly a real preponderance of women. This talhes well with 
earlier reports on this subject from Germany and Scandinavia. 
The situation in England, however, differs in an interesting way 
from these above mentioned. According to Willdnson (5) there 
were among 700 cases 52 % women and 48 % men, thus no signi- 
ficant difference. In the United States the relation between the 
sexes seems to differ even still more from ours in that men are 
said to be slightly more commonly affected than women [Castle 
and Minot (6)]. 

At the time of admittance to hospital, 59 cases, or 31.1 % 
were living in either of the two towns (Upsala' and Enkoping). 
The proportion of the tow-dwellers in the district’s entire popula- 
tion was during the 12-year period in question 29 %. It could 
therefore be expected that, of the 190 cases, 29 %±the standard 

error 1^ 29 x (100—29) ^ 3.3 0/^ would be town-dwellers. 

1 90 

The observed value of 31.1 % lies very well within these limits. 
The material thus shows a good accordance between the risk of 
falling ill rvith p. a. in the towns and in the countryside. 

It may perhaps seem strange to compare Upsala and Enkoping 
with the major industrial towns of England. In these latter, how- 
ever, a decidedly higher frequence for p. a. has been observed than 
in the rest of the country [Wilkinson (5)]. This is almost certainly 
due to the fact that better diagnoses are obtained in towns than 
in the country. Social conditions, such as wealth or poverty, 
luxury or filth, occupation, over-exertion or the like, do not seem 
to have exerted any influence [Wintrobe (7)]. 
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The patients applied for hospital treatment in general about 
6 months after the subjective symptoms had begun to make them- 
selves felt. The number of years that had elapsed previous to 
their felling ill can therefore be regarded to be practically the same 
as their age on admittance to hospital. The age distribution can 
be seen from table 1 beJow. 


Table 1. 


Age 

group. 

Number ol all 
individuals in 
respcclive age 
groups. 

Pcrcenlngc 
of lot.al 
population. 

Number of 
p. a. cases 
in each age 
group. 

Percentage of 
total cases 
witli p. a. 

Number of 
p. a. cases on 
10.000 of the 
gCRcral popu- 
lation in each 
age group. 

30—39 

20903 

14.1 

13 

6.8 

6.2 

40 — 19 

17867 

12.8 

IS 

9.5 

10.1 

50—59 

M028 

10.0 

50 

26.3 

35.6 

eo— 09 

10283 

7.3 

65 

34.2 

63.2 

70—79 

7009 

5.0 

43 

22.6 

61.3 

00 

0 

1 

CO 

o 

2154 

1.5 


0.5 

4.6 


The youngest patient fell ill at 34 years of age and the oldest at 
83; most of the others between the ages of .50 — 75. The mean age 
was 60.8 years. 

Data which the literature provides on this point generally 
show patients to have fallen ill some ten years earlier. 

The number of p. a. cases diagnosed yearly made 0.6 % of the 
total number treated at the Clinic and 0.114 ®/(,a of the whole 
population of tlie district. Waldenstrom (8) has recently shown 
that there are about 150 persons with diagnosed p. a. in the district 
at present; this means that more tlian 1 in every' 1000 has this 
disease. A further increase can be expected during the next few 
years, on the same grounds as, for example, the increase of diabe- 
tics after the introduction of the insulin therapy. 

The clinical records have further been studied to elicit from 
the anamneses the probable time of the year wlicii the patient 
fell ill i. c. the time he or she first reported feeling a symptom 
which might be caused by p. a. When the initial falling ill seems 
■to have been followed by a remission and then by a fresh relapse, 
the first attaque is taken as marking the start of the disease. It 
is in the nature of the tiling that the anamnestic data have not 
13 Acta med, scandinav. Vol. CXIl. 
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always been as reliable as might be wished. Not only is it often 
hard for a patient to give the date when an insidious symptom 
really started, but also the patients do not all have the same power 
of observation and memory; then, too, the quality of the records 
vary with their ^vriters, who have sometimes not always been 
sufficiently aware of the importance of exact data as to time. All 
this has made it necessary to exclude 23 cases "where the time of 
falling ill was too vaguely given. In the remaining 167 cases, the 
information has for natural reasons varied a great deal as regards 
placing the first appearance of the symptoms. Some patients have 
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Fig. 1. Diagram showing the seasonal distribution of the onset of the disease. 

given this time vithin a month or even more exactly; others, again, 
have given reports as )>the last half year)), »last winter», and the 
like. It has therefore been found suitable to group the cases into 
three-month periods (June — ^August, September — ^November, and 
so on) which, roughly speaking, correspond to our idea of the seasons. 

The diagrams below show the seasonal distribution of the onset 
of the disease (fig. 1), and in fig. 2, the number of patients ad- 
mitted per month (broken line) and per season (unbroken line). 

For the following statistical treatment, the time both of falling 
ill and of admittance to hospital is tabulated below in season gioups. 

As the table 2 shows, the figures display a seasonal variation. 
Taking into account the relatively modest extent of the material, 
this variation might possibly be ascribed wholly to chance. To 
discover whether this is so or whether other factors — such as are 
conditioned by the seasons — play a part, the figures must be 
submitted to a statistical treatment. 
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If the disease were not conditioned by changes of season, a 
lar^e material would sliow 25 % of its cases in each three-month 
period. In the grouping according to the season when the disease 
set in, where the material consists of 167 cases, the highest per- 
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Fig. 2. Diagram showing lUc time of admittance to hospital. 

Broken line: number admitted per month. 

Unbroken line; number admitted per season. 


Table 2. 



Winter (Dec.— Feb.) . 
Spring (Alarcli — Alay) 
Summer (June — Aug.) 
Autumn (Sept. — Nov.) 


Fell ill 


Admitted to hospital 


number 



centage is found for the period Dec. — Feb., namely 33 %, and 
the lowest for the period June — ^Aug., namely 13.2 %. The stan- 
dard error obtained for this material is 1 ^ (100—25) _ , ^ or 

y 167 

(the same formula as was given above). If we look first at ilie 
13.2 % of the summer period, wc find that this figure is under 
25 % by more than 3 times the standard error — i. c. the decrease 
in the frequency for the period in question is statistically signifi- 
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cant and not just due to chance. The value for the winter period 
33 %, does not deviate so much, yet all the same it exceeds 
25 % by 2.4 times the standard error; this shoAvs that the increase 
for this season is statistically highly probable if not absolutely 
significant. A larger material Avould very likely have yielded 
statistically significant figures on this point. 

The distribution of the admittance similarly shoA\'s a seasonal 
variation, see table 2. Here, as has been mentioned before, it Av-as 
possible to include all the 190 cases. Applying the same statistical 

method as above, a standard error of 1/ ^^ ^ (100—25) _ , o 

y 190 ^ 

is obtained. A statistically significant frequency increase can 
thus be observed in percentages of more than (25 + 3 x 3.14) = 
34.4 %. The percentage figure of the summer period exceeds this, 
that of the spring period practically reaches this level, exactly 
calculated to 25 % + 2.9 times the standard error, so that it is 
possible to establish a significant increase in the admittance fre- 
quency for the summer period, and a practically significant one 
for the spring. The 11.6 % of the autumn period is far below 
25 — 3 X 3.14 = 15.6 %, AA'hich indicates that this time shows an 
unquestionably diminished admittance frequency. 


Discussion. 

The seasonal distribution of the time the patients fell ill is 
based on their OAA-n anamnestic informations. As has been said 
above, the reliability of these last vary; nevertheless there are 
probably no real grounds for suspecting their exactness to show' 
a systematic error to vary according to any one system, e. g. that 
the patients Avould, Avith a certain consistency, remember AATongly. 
There is therefore reason to believe that the subjective onset really 
shoAvs a seasonal variation. 

Objections can be made to the seasonal distribution advanced 
for the time of admittance, such as that a sick but not totally 
invalid person Avaits for a shorter or longer period before applying 
for hospital treatment until Avorking conditions and other enAurpn- 
mental factors permit of his doing so. This is certainly to some 
extent the case as regards p. a. also, but if the seasonal variation 
Avere AA^holly or for the most part due to such circumstances, it 
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would hardly be likely to find the highest frequency during spring 
and summer — the busiest time for an agricultural population 
from which more than of the cases in this material came. The 
total number of patients admitted to the Clinic during the same 
space of time shows relatively small seasonal variations, which 
are not statistically significant; any tendency they show would 
be rather a diminished admittance in the summer, while the num- 
ber of p. a. patients admitted shows at the same time a statistically 
significant increase. See table 3. 


Table 3. 

Pernicious anemia patients compared with tlic total number admitted during 

the period 1930 — 1941. 


Season 

Total admittance 

P. a. patients 

Number 

/o 

Number 

/O 

Winter (Dec. — Feb.) 

8085 

25.5 

37 


Spring (iMarcli-iMay) 

S3G2 

26,5 

65 


Summer (Junc-Aug.) 

72‘M 

23.0 

66 

34.7 

Autumn (Sept.-Nov.) 

7911 

25.0 

22 

11.6 

Total 

31602 

100.0 

100 

100.0 


The seasonal distribution of p. a. is probably, on the above 
grounds, linked up with one or more of the factors which make 
the disease what it is. In other words, there is something of im- 
portance for its etiology whicli has a predilection for a certain 
part of the year. A thouglit readily presenting itself is that this 
is due to a seasonal, i. e. an exogenous factor, conditioned by an 
injurious agent or perhaps, ratlier, by a deficiency of some factor 
necessary for erythropoiesis. 

A striking fact is that tlie subjective symptoms do not reach 
such a degree as to prompt visiting hospital until the spring and 
summer. Sufferers from ordinary liypochromic anemia, on the 
other hand, often arc most troubled during the cold seasons; tlicy 
feel cold and generally unwell and if they seek a cure, they miuJit 
be expected to do so for the most part during winter and spring, 
w len it IS still chilly. The fact that such a large proportion of tlie 
p. a. patients do not apply for treatment until tlic spring and 
sumnmr must be taken to mean that some essential clement of 
the disease has the tendency to set in during these seasons. 
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The knowledge of and interest in p. a. is different in different 
quarters; this doubtless means that attention is paid to the disease 
to a varying degree. Data as to its occurrence should therefore be 
taken with certain reservations. In earlier times, it was maintained 
to be rare in the black race. Yet it does not seem to be so strikingly 
unusual among the negroes in America; a non-selected material 
from the Johns Hopkins Hospital, where about as many negroes 
as whites are treated, showed for a period of 2 years 10 negroes 
and 54 white people with this complaint [Wintrobe (7)]. It seems 
allowable to state, however, that different races are affected to 
different degrees. Thus, for example, the disease is said practically 
never to be found in Japan [Katsunuma (9) and others] or China 
[Keefer and Yang (10)], while it is common in Nothern Europe. 
Further, a variation in the geographical distribution has been 
found, probably to some extent connected with this racial dis- 
similarity. The complaint is thus reported as being most usual 
in the temperate zones [Wintrobe (7)], and unusual in the tropics 
[Schilling (9)]. 

The question then arises whether the increased onset in the 
winter which is observed here, and the relatively rarity of the 
disease in the tropics, may not possibly be linked up with meteoro- 
logical factors and the conditions of living these set up. 

Manifest p. a. is probably often preceded by a lengthy pre- 
anemic condition. It is knoAvn, for example, that gastric analyses 
have often shown achylia many years before the clinical onset 
of the complaint. It is reckoned that this sign of insufficiency in 
the function of the stomach is sooner or later followed by another, 
namely a successive diminution in the production of the intrinsic 
factor, and that erythropoiesis will be upset when the amount of 
this factor is inadequate. It is therefore no doubt unwarrantable 
to ascribe any more primary etiological significance to the above- 
mentioned seasonal factor. On the other hand, it is conceivable 
that this factor has a releasing role in the development of the dis- 
ease, either by further inhibition of the already falling production 
of the intrinsic factor, or else by establishing an insufficiency in 
the food as regards the extrinsic or anti-p. a. factor. 
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Summary. 

Practically all the cases of true pernicious anemia diagnosed 
in the district of Upsala (Upsala.lan) during the years 1930—1941 
have been submitted to classification and statistical treatment. 

In so doing, it has been found 

1) that the frequency of the disease was greater for women 
than for men, in the ratio of about 2: 1, 

2) that there was no difference between the frequency in the 
towns and in the country, 

3) that the greatest frequency was found among 60-ycars-olds, 

4) that the time of getting the first symptoms varied with the 
seasons, so that it seems to have been greatest during the winter 
and has been found to have been least during the summer, 

5) and that also, and even more distinctly, the admittance 
frequency showed a seasonal variation, so that probably the spring 
and certainly the summer displayed an increased frequency, and 
the autumn a lowered one. 

Possible sources of error for the two last observations have 
been considered. The seasonal occun-encc of pernicious anemia 
has been linked up with a supposed seasonal factor, which is as- 
sumed to be the releasing factor in the manifestation of pernicious 
anemia. 
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The view has been held that the formation of vitamin K by 
intestinal bacteria must play a dominating role in the supply of 
this vitamin to the individual, whether new-born or adult. 

Almquist & Stokstad (1) have shown that foodstuffs in a state of 
putrefaction contain vitamin K, and they have studied the ability 
of certain bacteria to form this vitamin. Of the ordinary intestinal 
bacteria most vitamin K is formed by Coli, about 1000 Dam and 
Glavind units per gram of dry substance, whereas only very small 
quantities are formed by the lactic acid forming group. (7) 

The intestinal tract of new-born children is practically sterile; 
intestinal flora develops during the first 1 — 3 days after birth, the 
number of Coli bacteria in breast-fed children increasing more 
slowly than that of the other intestinal bacteria (Streptococci, 
B. acidophilus, B, bifidum). As the prothrombin content of the 
blood of new-born children is found to be lowered in the first days 
of life, the cause was thought to be a lack of vitamin K-forming 

^ With the support of King Christian X’s Jubilee Fund and the Rockefeller 
Foundation, 
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bacteria in the intestine. In individuals with a normal intestinal 
function, which presumably means normal intestinal flora, a lack 
of vitamin K is practically never seen; the literature contains only 
one reference to alimentary K-avitaminosis in adults, demon- 
strated by a special method. (4) 

It is not known where in the intestinal tract the absorption of 
vitamin K takes place; but as it is known that the absorption 
depends on the presence of bile acids, tlie assumption is reasonable 
that the absorption takes place chiefly in the small intestine. There- 
fore it would be of interest to examine the intestinal flora and tlie 
vitamin K content in the various sections of the intestines. Inves- 
tigations of this kind arc almost impossible to undertake on man, 
and consequently we have merely examined the vitamin K con- 
tent in the feces of normal adults, of pregnant women, and of 
children of Various ages. The literature contains only one investiga- 
tion into the vitamin K content of feces, by Dam (2), who in feces 
lipid found 2000 D & G units per gram. 

Method. 

The vitamin K content is determined in a petrol ether extract 
of feces, prepared in the following manner: A weighed portion of 
fresh feces (10 to 20 grams), or feces stored in a refrigerator at 
about — 2°, is stirred in a mortar togcthet with anh 3 ’^drous sodium 
sulphate. After being allowed to stand a while the mixture is stirred 
three times with ample petrol ether, which is filtered off through a 
Jena glass filter, 3G3. The filtrate is poured into a previously 
weighed 50 cm^ normal ground-joint-flask, joined by a stop-cock 
with a suction pump, and dried by evaporation at 40—50° C. The 
flask is then weighed again. The weight difference gives the lipid 
content in feces. At the same time a smaller portion of feces, about 
1 gram, is weighed in a small glass dish and dried at 100° C to con- 
stant weight for determining tlie dry substance in feces. In this 
manner the vitamin K content is determined in proportion to the 
weight of fresh feces, dry substance and feces lipid. 

The lipid is now made into tablets, a weighed quantity of tablet 
mass, consisting e, g. of a mixture of lactose, talcum and salcp, being 
transferred to tlie flask containing the lipid. Lipid and tablet mass 
are then mixed thorouglily in the flask by stirring with a nickel 
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spatula after adding a little petrol ether (if necessary) in order to 
remove all the fat from the walls of the flask. The entire process is 
undertaken in a very faint light and the tablets are stored in dark- 
ness in the refrigerator. 


The Determination of Vitamin K. 

The vitamin K content is determined by Dam & Glavind’s 
curative method. (3) The principle of this method is that the sub- 
stance to be assayed for vitamin K is administered for three suc- 
cessive days in the form of tablets to K-avitaminotic chicks. The 
prothrombin content of the blood is determined before and after 
the tablets are administered. When determining the prothrombin 
the so-called R- value is found. 1/R is a measure of the prothrombin 
content of the blood in relation to the normal. The vitamin K 
content in the tablets is calculated from the increase of 1/R; for 
this purpose a curve is used, based on experiments with a standard 
' substance and showing the increase of 1/R in relation to the quan- 
tity of standard substance administered. The results are shovm in 
units, 1 Dam & Glavind unit being defined as the quantity of vita- 
min K contained in 2 mg of the dried spinach employed as the 
standard. 1 mg of the vitamin K, Kg, formed by the activity of the 
intestinal bacteria, has 8000 units, whereas the Kj in green plants 
has 12,000 units per mg. 

Determinations of Vitamin K in the Feces of Normal Adults. 

The vitamin K content was determined in the feces of some 
normal adults. The individuals were kept for three days on a diet 
that is relatively deficient in vitamin K, containing no greens or 
liver. Care was also taken that the diet contained only moderate 
quantities of fat in order that fluctuations in the lipid content 
should not have too great an influence on the absorption of vitamin 
K or on the quantity of lipid per gram dried feces. 

One adult (P. P.) was observed for some days. The results are 
given in Table 1. This table, like those following, shows the percent- 
age of dry substance in feces, the percentage of lipid in the dry sub- 
stance, and the vitamin K content^ in units per gram, in feces lipids 
and feces dry substance. The tables also show the number of chicks 
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Table 1. 


Vitomin K content in feces. Fcccs from five tliffercnt motions from a normal, 

adult male (P. P.). 


Date 

Dry sub- 
stance per 
cent 

Lipid per 
cent 

Vitamin K units per gram 
lipid |dry substance 

Number 
of chicks 


21.1 

5.6 



3 

» 12 

17.6 

6.2 

1000 

60 

3 

» 13 

22.6 

6.3 

1100 

70 

2 

» 15 

17.1 

0.8 

2500 

170 

3 

9 15 

20.0 

0.3 

3000 

190 

3 


Table 2 shows the vitamin K content in tlie feces of five normal 
adults. 


Table 2. 

Vitamin K content in feces of five normal adults. 


Name 


HCQIIi 

Lipid 

Vitamin K units per gram 

Number 

per cent 

lipid 

dry substance. 

of chicks 

E. L. 

N 

19.3 

10.0 

1100 

no 

3 

A. L. 

F 

15.1 

11.7 

2C00 

230 

3 

G. G. 

F 

30.7 

•1.8 

3000 

110 

3 

J. G. 

.VI 

13.6 

9.7 

2000 

190 

2 

P. P. 

(.see Tab. 1 ) 

31 

17.1— 2-(.2 

5.6— 6.8 

1000—3000 

00— 1 90 

■ — 


employed in the delerminalion; varying quanti.Lies ^Ycre given to 
the different fowls. A corresjiondingly grealcr accuracy’’ will be 
obtained when a large number of chicks is used. 

The results suggest that there arc no great variations from da}^ 
to day in the same individual, or from one individual to another. 
No difference was observed between males and females. 

Assuming a daily quantity of feces of aliout 200 grams tliis means 
that from dOOO to SOOO units of vitamin K are cxcreled with fcccs 
daily. The daily quantity of bacteria excreted in fcccs is given by 
Kendall (5) at about 3 x 10’^; if all the bacteria were Coli, the tolal 
weight would be about GO grams and their vitamin K content 
would be about 12,000 units. Accordingly, there arc reasons for 
assuming that the vitamin K demonstrated in feces result from 
the intestinal bacteria. 
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Table 3. 


Vitamin K content in feces of six pregnant, normal women. 


Case Record 
No. 

Age years 

Month of 
pregnancy 

Dry 

substance 
per cent 

Lipid 
per cent 

mg per 
gram 
per day 

I-* 

M. 

w 

t9 

5 

S S', o 

2 M r-* 

g 3 & 

w 5’ 3 

S' 

5' 

237L/41 

26 

9 

13.9 

13.4 

3.45 

m 

0.24 

15.2 

251L/41 

18 

9 

12.0 

7.4 

5.14 



16.3 

261L/41 

18 

8 

33.0 

6.1 

7.95 

0.01 

0.90 

16.5 

263L/41 

37 

8 

38.0 

8.5 

8.5 

0.01 

1.28 

15.8 

250L/41 

40 

8 

23.0 

5.8 

6.0 

0.01 

0.41 

17.0 

262I,/41 

20 

9 

33.0 

5.1 

5.3 

0.01 

1.28 

17.2 


Determination of Vitamin K in Feces of Normal, Pregnant 

Women. 

As tlie protlirombin content in the blood of pregnant women is 
increased, often considerably, and regarding the possibility that an 
increased quantity of vitamin K in the contents of the intestine 
might be the cause of the higher prothrombin level, we judged it to 
be of interest to ascertain the vitamin K content in feces of 
pregnant women. An examination was made of the feces of six 
individuals; tablets were prepared from each portion of feces, and 
their effect on the prothrombin of K-avitaminotic chicks was 
tested. Only one chick was employed for each sample of feces, so 
that no exact standardization was carried out. The results are 
shovm in Table 3. Thus this table does not give the number of 
units per gram, but instead the quantity of lipid administered 
daily per gram of chick weight (mg per gram per day), as well as 
the prothrombin values for the chicks prior to and after investi- 
gation (1/Ri and l/Rg). The table also includes the prothrombin 
time of the women, measured by a modified form (9) of Quick s 
method (10); the normal value determined at the same time was 20.5 
seconds. 

As was stated, the figures do not permit of an exact calculation 
of the vitamin K content. However, the conclusion may be draiiVn 
that three women, 237, 251 and 250, if anything are a little below 
the normal material, whereas the other three may be higher. As the 
prothrombin value was the same for these two groups of pregnant 
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women, these tests have not provided evidence of any relation be- 
tween the vitamin K content in feces and the prothrombin content 

of the blood. 


Determination of Vitamin K in Feces of New-born 

Children. 

It is known that meconium contains practically no bacteria. It 
is not until the third or fourth day of life that excretion of real feces 
is beginning, and bacteriological studies have shown that at this 
stage the number of bacteria rises abruptly to quantities of the same 
order as those found in older children and adults. In the majority 
of normal children the prothrombin in tlic blood falls conspicuously 
in the first three or four days of life, whereafter it rises, first qhicldy 
and then slowly to the value found in adults. Accordingly it is of 
interest to examine the content of vitamin K in the feces of children 
in their first weeks of life. As it is known that the intestinal flora of 
breast-fed children and artificially fed children differs to a marked 
degree, the intestinal bacteria of the former consisting mainly of 
the lactic-acid-forming bacteria B. acidophilus and B. bifidum, 
whereas in the latter they arc chiefly Coli bacteria, tlic feces of 
children of both categories have been examined. The individuals 
were four children exclusively breast-fed, tliree solely artificially 
fed, and one child at first breast-fed and afterwards artificially fed. 
The artificial diet consisted of one part cow’s milk and two parts of 
2 per cent barley water with 4 per cent sugar, 20 to 30 grams five 
to seven times per day. We made tests to ascertain whether the 
vitamin K content rose when feces were stored for about 8 hours 
at about 20°, but found no change in the values of cither calcgor}". 
Nevertheless the napkins were examined more frequently than 
usual and any feces were removed immediately and stored in a 
sterile tube at 0°C until extraction as above described could 
be made. In order to obtain a quantity of feces suitable for stan- 
dardization, all feces for a certain period, whicli is shown in Table 5, 
were put together and extracted simultaneously. 

In respect of one artificial!}'’ fed child we endeavoured to deter- 
mine Bie vitamin K content in each stool. Owing, to the small 
quantities of feces the entire extract from each stool was employed 
for one chick only, so that there was no actual standardization in 
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Table 4. 

Determination of vitamin K in feces from an artificially fed new-hnm m -i i 
(bom Doc. 6 ot C 40 p m Case record No. 1845B/40). ProWiK tom ' ‘ J 
by Plum & Dam’s method (Normal Value 25 Sec.) s “ 


Date 

Hour 

Dec. 

9. 

17.30 

]> 

11. 

7.15 


11. 

13 


13. 

7.30 

» 

13. 

10 

» 

15. 

7.15 


.15. 

17.15 

t> 

16. 

3.30 

J) 

16. 

15 

d 

17. 

7.20 


17. 

17.15 


CO 

23.15 


19. 

7.10 


19. 

17.30 


20. 

7.30 



re Vitamin K units per gram 


dry 

substance 


1000 

60 

140 

<100 

300 

150 

300 

<100 

100 

>1000 

>25 

300 

<150 

150 

100 


Dec. 7. 70 

» 10. 56 

» 12. 39 

» 16. 40 

» 19. 36 


this case. Nevertheless, tve have expressed the results in units for 
purposes of comparison. The figures indicate merely the approxi- 
mate quantity of vitamin K content; where the content was very 
low it was possible to give merely a maximum value, and where it 
was particularly high, so that a normal prothrombin level was 
obtained, the table shows the minimum value (Table 4). 

Although only one chick was employed for each test, and the 
figures consequently are only approximately correct as alread}’^ 
stated, the table gives the impression that there must have been 
markedly great variations of the vitamin K content in the various 
samples of feces, even when they are from the same da 5 ^ Another 
striking feature is the great fluctuation of the percentage of lipid 
extracted with petrol ether. Apparently there is no correlation 
between the fluctuations in the vitamin K content and the lipid 
content. 

Considerable quantities of vitamin K were found in the very 
first sample of feces, when the child was three da^’^s old. As the 
quantity of vitamin K of the artificial diet would scarcely exceed 
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Table 5. 


Determinations of vitamin K in feces from 7 normal new-born children. Prothrom- 
bin determined by Plum & Dam's method (Normal Value 25 Sec.) 


Case 

record no. 

Diet 

Age days 

1 Dry 

[substance 

1 per cent 

Lipid 
per cent 

Vitamin K units 
per gram 

iNumDer 
of chicks 

Prothrombin 

time 

lipid 

dry 

substance 

Age ii 
days 

Time in 
seconds 

603B/41 

Breast 

1 

22 

5.7 


< 5 


1 

49 

» 

» 

2 

26.5 

11.9 

< 100 

< 10 

2 

3 

97 

& 

)) 

3—9 

23.4 

13.3 

< 100 

< 10 

2 

5 

146 









7 

107 

651B/41 

Breast 

3—8 

26.5 

20.6 

< 50 

< 10 

2 

1 

69 









3 

74 









5 

61 









7 

56 

687B/41 

Breast 

1—7 

34.6 

24.2 

< 150 

< 10 

2 

1 

106 









4 

321 









8 

77 

7S0B/41 

Breast 

0—12 

24.0 

25.8 

< 150 

< 10 

1 

. 1 

32^ 









4 

30 









8 

35 

1340A/41 

Artif. 

1—2 

24.2 

29.0 

ca. 100 

ca. 30 

1 




(milk 

3—4 

25.4 

27,1 

100 

30 

2 




mix.) 

5— G 

21.5 

13.5 

400 

50 

2 





7—8 

21.0 

22.4 

170 

40 

2 





8—10 

23.4 

1G.9 

60 

10 

2 



1347A/41 

Artif. 

0—2 

18.4 

3.0 

100 

3 

3 




(milk 

2—7 

17.8 

22.6 

60 

15 

2 


1 


mix.) 

9—11 

20.5 

13.1 

110 

15 

2 



369B/41 

Breast 

0—1 

45.3 

5.9 

<500 

< 20 

2 

1 

69 


» 

2—3 

34.5 

16.6 

<500 

< 50 

1 

3 

245 


f> 

4—7 

24.2 

37.7 

<200 

<100 

2 

4 

191 


Artif. 

8—13 

25.0 

22.5 

<200 

< 50 

2 

6 

52 


(milk 

13— IG 

21.7 

23.8 

50 

10 

4 

8 

53 


mix.) 

17—21 

22.6 

9.3 

400 

35 

2 

10 

46 

1 


21—25 

23.6 j 

9.8 

< 500 

< 50 

1 

13 

44 


^ Prior to delivery the mother received 
none sodium disulphate peroral]3L 


10 mg 2-meth3d-l,4-naphtoh3'droqui- 
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For the purpose of securing feces enough for standardisation w 
then proceeded to examine larger quantities, obtained by nuttim 
several successive portions together (Table 5). ^ 

In every case ^Yhere real standardizations V'ere made of the vita 
min K content in the feces of new-born children, the content is of a 
value that is much less, than tliat in the feces of normal adults. 

Up to the 8th 12th day the vitamin K content in the feces 
of the three breast-fed children was so Ioav that it could not be 
determined iiy the method employed. 

On tlie oilier liand, in the feces of two of the artificially fed 
children there were already demonstrable quantities of vitamin K 
in the united portions collected from the first three days of life; and 
in the samples from the artificially fed cliild in Table 5 there were 
considerable quantities of vitamin K in the portion first examined, 
talicn on tlie fourth day of life. 

Finally, the examination of feces from child 369B revealed no 
vitamin K content in the first 13 days of life, wlien it was exclusively 
breast-fed. After the child had been put on artificial feeding on 
account of the mother’s mastitis, there was still no vitamin K in feces 
from tlie first five days after tlie change of diet, whereas considerable 
quantities were found in the subsequent samples. 

The importance of the form of nutrition to the content of vita- 
min K in feces as here demonstrated agrees with what is already 

Table 6. 

Dcltnniij.Ttions of vitamin K in fcccs of children of various ages. 



Case 

record 

No. 


06G/41 2 1/2 months Artificially 
fed 

29/42 4 % months » 

007/41 10 months » 

B. 14 months » 

H. 3 years Full diet 
17/42 5 years 

40/42 5 years 

070/41 9 years i 


Dry Lipid Vitamin K units 
substance per per gram 

per cent cent 




40/42 5 years 

070/41 9 years 

112/42 11 years 
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known of the influence of diet on the nature and number of bacteria 
in the intestine. 

Artificially fed children usually avoid a prothrombin fall in the 
first days of life; whether or not this is due to the more abundant 
intestinal flora, as has been assumed (11), is still an open question. 
It is possible that the difference in prothrombin inay be explained 
solely by the fact that breast-fed children receive a smaller quan- 
tity of vitamin K through their food than artificially fed children. (6) 


Determination of Vitamin K in Feces of Children from 
2^2 Months to 11 Years. 

As we had found great differences in the vitamin K content 
in the feces of new-born children and of adults, we determined the 
content in the feces of children of various ages in order to ascertain 
whether older infants and bigger children also differ from adults in 
this respect. As was the case when examining the adults, these 
children were kept on a diet low in vitamin K for three days before 
the examination. The children include some normal individuals 
and others witli affections not concerned with the alimentary tract. 
The results are shown in Table 6. 

It appears from this table that tlicre is no correlation between 
age and the vitamin K content in feces. The values are of the 
same order as for adults but they shoAV a somewhat gi-cater variation. 
The results thus show that even from the age of two months the 
vitamin K content in feces is of the same order of magnitude as that 
for adults. 


Discussion. 

An ordinary mixed diet including milk and butter, but with 
no large quantity of green vegetables, will contain probably 2000— 
4000 Dam-Glavind units of vitamin K per day, and a diet without 
milk, butter and greens will contain much smaller quantities. The 
quantity of vitamin K in feces from normal adults is found to be 
20~40 units per gram fresh feces. If the daily quantity of feces be 
put at 200 grams, this will mean a dailj' excreted quantity of vita- 
min IC of 4000— SOOO units. The figures thus show that a consider- 

14 Acta mcd. scandinni). Vo!. CXII, 
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able sjTithesis of vitamin K takes place in the intestinal tract of 
adults, mether or not ths synthesis is of any physiological signi- 
ficance to the suppl}'^ of vitamin K to man is a question that cannot 
be decided on the basis of the present investigation. Nevertheless, 
the rare occurrence of alimentary K-avitaminosis may point in 
that direction. 

The above remarks can also be applied to older children. 

The significance of this S3mthesis of vitamin K in the intestinal 
tract of new-born children will be discussed in a subsequent paper. 


Summary. 

1) The content of vitamin K in feces has been determined in 
feces from normal adults, pregnant women, new-born children and 
older children by means of Dam & Glavind’s curative method. In all 
those examined, with the exception of breast-fed children, we found 
quantities of vitamin K corresponding to or exceeding the content 
of vitamin K of the ingested food. 

2) In feces from normal adults receiving a diet deficient in vita- 
min K we found quantities of vitamin K from 1000 to 3000 Dam- 
Glavind units per gram feces-lipid, corresponding to about 20 — 40 
units per gram of fresh feces. There is reason for assuming that this 
quantity results mainly from the intestinal bacteria. 

3) In feces from normal pregnant women we found vitamin K 
values of the same order of magnitude as in feces from normal, 
non-pregnant adults. 

4) In feces of new-born breast-fed children it has not been 
possible to demonstrate the presence of vitamin K bj^ means of the 
method emplojmd. 

5) In feces of new-born artificial!}’ fed children vitamin K vas 
found in almost every case, as a rule in much smaller quantities than 
those found in feces from adults and older children. 

6) In feces of children of ages from 2 % months to 11 years 
we demonstrated the constant presence of vitamin K in quantities 
of the same order of magnitude as the quantities found in feces 
from adults. 
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7'liere is only one report published on the vitamin K content of 
woman’s milk: Tagc-ITansen found no demonstrable amounts ot 
vitamin K in three specimens, and in a fourth he found approxima- 
tely ^/3 Dam & Glavind units per ml. As a vitamin K requirement of 
new-born infants of 0.5 — 1 Dam-Glavind-units per gram body- 
weiglit was assumed, woman’s milk was not considered to be an essen- 
tial source of vitamin K. In the meantime later investigations of 
Sells, Walker and Owen sliowed that a daily administration of vita- 
min K, of an order of magnitude 0.001 mg given intramuscularly in 
the form of 2-mel]iy]-l-amino-4-naphtol equal to 15 Dam-Glavind- 
unils, or 0.005 units per gram body-weiglit, would prevent the usual 
fall of protlirombin in the blood during the first week of life. This is 
confirmed by Larsen who lias shown that the requirement is about 
75 units of vitamin K when given per os in the form of Sodium-2- 
methyl-1.4-napthohydroquinone-disuccinate. He also found that 
the first days’ fall in protrombin could be prevented by the admi- 
nistration of sufficiently large amounts of woman’s milk. More 
comprehensive investigations into the milk’s vitamin K content 

^ With the support of King Christian X’s Jubilee Fund and The Rocke- 
feller Foundation. 
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than the above seem to be of interest to elucidate the causes of the 
physiological hypothrombinemia in new-born infants. 

Procedure. 

Dam & Glavind’s curative chicken test was used to determine 
the amount of vitamin K in milk specimens. The specimens were 
stored in a refrigerator at 0° C. until determination. At the beginn- 
ing of the experiment the chickens Aveiglied approximately 150 
grams, and on account of the material’s poor vitamin K content, 
they were given as much milk as possible through a stomach-tube, 
that is to say 30 to 40 ml per day for three days. 

As it was found questionable whether the chickens could utilise 
such large quantities of milk, in four instances, where there was a 
sufficiently large amount of milk, it was divided into two equal 
portions. One portion Avas administered as usual as whole milk, 
wdiile of the other portion, only the milk fat separated by centrifu- 
gation were given. In every instance the effect of the tw'o speci- 
mens was found to be the same. This suggests that the vitamin K 
is found in the milk fat, as might be expected, the natural vitamin 
K being fat-soluble. Further it suggests that the chickens are able 
to utilise vitamin K equally well both from large amounts of w'hole 
milk and corres])onding quantities of mills fat. 

The material used in this c.xperiment consists of coav’s milk, 
and of Avoman's milk deriA^cd from Avomen at A^arious dates after 
deliv^ery. ^ 

Vitamin K content in coav’s milk. 

The coav’s milk investigated Avas obtained fresh from the dairy 
during the months from December to March. It contained about 4 
per cent fats. The re.sults appear in Tabic 1, in Avhich is shov/n the 
prothronihin content in the chickens’ blood before and after three 

1 11 

days of milk feeding, in terms rc.spccliA’'ely of — and — • — 

Rj Ro R 

expresses the chickens’ prothrombin A^aluc in relation to the normal, 

the normal value being ^ = 1.0. Further, in this table is shoAvn 

the number of cubic millimetre, of milk given per gram ckickcn- 
Aveight dail} ^ (cubic millimetre per gram per day). 

1 ' Professor ir. Hauch, M. D. and lo Professor E. Ryd- 

nergiM.D. for the pernnssioii lo examine moUicr's^milk from Uicirde))nrlmcnls. 
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Table 1. 

Delerminalion of vilamin K in cow’s milk. 


Date on which milk 

Cubic millimetre milk 


1 

was obtained from 

per gram chicken- 

1 

the dairy. 

■weight per day. 


R, 

4th Dec. 

66 

00.9 


do. 

38 

0.03 


20lh Dec. 

203 

0.08 

0.44 

do. 

53 

0.08 

0.09 

do. 

36 

0.05 

0.04 

13th Jan. 

92 

0.07 

0.17 

16th Mar. 

148 

0.04 

0.62 

do. 

200 

0.02 

0.10 

I7th Mar. 

147 

0.04 

0.07 

21st Mar. 

160 

0.08 

0.24 

do. 

167 

0.09 

0.05 


means of the values found, a curve showing the increase of 

— in relation to the amounts given was drawn. By comparig this 
Ri 

curve with a corresponding curve drawn on the basis of experi- 
ments made with a standard substance (dried spinach) the vitamin 
K content in the cow’s milk investigated is calculated to be 2 Dam- 
Glavind-units per ml. The results suggested that the content 

1 

fluctuates considerably, as some tests caused no increase in — , 

Ri 

while others caused a rise of — , corresponding to a vitamin K con- 

Ri 

tent of about 4 Dam-Glavind-units per ml. 

Vitamin K content in w^oman’s milk. 

The woman’s milk investigated was derived partly from lying- 
in patients in the departments of obstetrics of the Rigshospital, and 
partly from wet-nurses supplying milk to the department of pedia- 
trices of the Rigsliospital. 

The milk specimens with one exception (Case Record No. 17/3 
A) were taken on three consecutive daj'^s, and given to the chickens 
as fresh as possible. As a rule there was only sufficient milk for one 
chicken from each mother, and in a few cases it was necessary to use 
milk from several mothers in order to obtain the necessary quan- 
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tiiy. Thus no proper standardisation of the individual milk speci- 
mens’ vitamin K content has been carried out; nevertheless the 
results make it possible to form an estimate of whether they are more 
or less abundant in vitamin K. 

The results are seen in Table 2. In this table is stated the num- 
ber of days after delivery on which the milk specimens were taken. 
Some of the mothers received immediately before delivery 5 mg of 
a water soluble vitamin K preparation per os. This is indicated by 
+ or 0 in the table. Cubic millimetre of milk per gram chicken- 

weight per day, and signify the same as in Table 1 , Tofaci- 

Ri R2 

litate the survey, it is indicated in the final column by 0, -f or 
whether it has been impossible to show the effect of vitamin K on 
the chickens’ prothrombin content, whether the result indicated a 
rather poor amount of vitamin K, or whether there is probably a 
larger amount to be found. 

It can be seen in this table that there is a noticeable variation 
in the vitamin K effect of the milk specimens. To determine the 
average vitamin K content in the milk, the entire material was 
treated a.s a whole and by the same method as used iti the determi- 
nation of vitamin K in cow’s milk. Thereby we hav'o graphically 
calculated an average vitamin K content of 0.5 Dam-Glavind-units 
per ml in the investigated woman’s milk. In a number of specimens 
there was no vitamin K effect while other specimens indicated a 
content of up to 2 Dam-Glavind-units ])er ml. 

The values found give no certain basis for assuming that the 
vitamin K content in the first days’ milk is different from that 
found at a later date. Neither has it been possible to demonstrate 
in the milk specimens, which, at the earliest, arc derived from the 
patient on the third day, the effect of administration of vitamin K 
shortly before delivery. 

In five of the cases where the milk was derived during the first 
week after delivery , and where vitamin K was not administrated to 
the mother or child, prothrombin determination was made on the 
child on the first, third and ciglitli chiys. No correlation between the 
infants’ prothrombin variations and the vitamin K content of the 
mother s milk was found. (See beneath under »Di.scussion»). 

It Avas further investigated whether the administration of a water 
soluble vitamin K to the mothers after delivery influenced the 
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Table 2. 

Delermination oj Dilamin K in wjunut's mill:. 


Case Record 
No. 


1789 D/ll 
1760 B/11 
1728 A/ll 

1762 B/ll 

1763 B/ll 
1785 B/ll 
1705 B/‘ll 
1762 B/ll 
1789 A/ll] 

1801 A/lli 
1809 A/llj 

1667 A, 1715 A, ] 
1717 A, 1711 A, 
1693 A, 1679 A/ll) 
1813 B/ll 
1773 A/ll 
1773 A/ll 
311 A/12 


319 A/12'1 
050 A/12j 
282 A/12 
do. A/12 
do. A/ 12 
do. A/12 
1612 A/ 11 
Wcl-Nurse T. 
\Vcl-Nur.se C. 
do. 
do. 
do. 

Wel-Nurbc N. 
ilo. 

\Vel-Nun.e A. 
do. 


-it- 

Days after =23" 
delivery 'S = "3 := 


2— 3 — 1 

3 — 1—5 
3 — 1—5 
3 — 1—5 
3 — 1—5 
3 — 1—5 
1—5-6 
-1—5—6 



5-6—8 




0—7—8 

10 

11 

10 — 11—12 

II— 23—26 

19—20—21 
19—20—21 
21— 95— 26 
2 1 — 2.5 — 26 
25—26—27 
35 — 36 — 37 
13 — 1 1 — >5 
13 — 1 1—15 
(3—11—15 
13 — ll— *5 
105—106—107 

III — 115—116 
270—271—272 





0.02 0.03 

0.03 0.29 

0.02 0.19 

0.03 0.09 

0.03 0.15 
0.03 0.0.'i 


119 

0.07 

0.01 

0.32 

0.05 

1 / / 


163 

0.05 

0.01 

253 

0.03 

0.07 

j 

66 

0.01 

0.03 j 

U2 

0.01 

0.07 

135 

0.05 

0.06 

170 

0.0 1 

0.05 

1 10 

0.05 

0.01 

136 

0.01 

0.01 

125 

0.02 

0.02 

116 

0.06 

0.03 

130 

0.07 

0.05 

120 

0.0 1 

0.12 

175 

0.03 

0.03 

128 

0.06 

0.01 

161 

0.0, H 

0.05 

133 

0.0.8 

i/.'i7 

207 

0.07 

o.o7 

1.57 

0.03 

0.2:1 

160 

0.08 

O.ol 

216 

0.o2 

0.53 

157 

0.('3 

0,13 










investigations into the cause of the 


physiologicae etc. 215 


Table 3. 

DHcrminalion oj vilamin K in looman'-s milk after previous ingestion of 

vitamin K. 


Case 

Record 

No. 


Preparation. 


Cubic miliinicLrc 
milk per gram 
clnckcn-wcigbi 
per day. 


R, Ra 


607/42 

607/42 

036/42 

610/42 

677/42 

680/42 

683/42 

684/42 

689/42 


Sodium 2-mcU\yl— 1 .4-uaplvto- 
bj’droquinonc-dissuccinalc. 


Sodium 2-mclli3d — 1 .4-jmplUo- 
Ivj'droquinonc-disulplialc. 


190 

117 

127 

75 

109 

82 

86 

139 

113 


0.01 

0.01 

0,01 

0.01 

0.05 

0.07 

O.Of) 

0.02 

0.05 


0.20 

0,12 

O.M 

0,05 

0.19 

0.11 

0.17 

0.07 

0.15 


milk’s vitamin K content. Four mothers were given 10 mg 2-mcthyl- 
1.4-naphtol)ydroquinonc-dissuccinatc per os daily for three days, in 
each case 24 hours heforc the milk specimens were taken, and five 
mothers were given 10 mg Sodium 2--mcthyl-l.'l-naphlohydroqui“ 
none-disulpliate, Tlic results are shown in Table 3, 

TJie results show that tlie vitamin K content in woman’s milk 
after the foregoing administration of vilamin K is higher and more 
uniform than is usual in woman’s milk. A graphic calculation of the 
average vitamin K content show.s a concentration of approximately 
2 Dani-Glavind-units per ml. 


Discussion. 

Infants, exclusively nourished by mother’s milk, con.sumc a 
quantity of milk during the first week of life, lising from 10 to 20 
gi'ams in the first twenty-four hours to several hundred grams on 
about the seventh day. Thus, as mother’s milk contains from 0 to 2 
vilamin K units per gram, infants obtain daily through the milk, 
vilamin K in quantities whicii can vary from almost notliing U ]4 to 
400 units. It might be expected to find correlation between tbe 
vitamin K content in the mothcr'.s milk and the infant’s protlironi- 
bin variations. As mentioned aliovc, tliis could not he doimin- 
stralcd, pos.sibJy because no account was taken of llie total amount, 
of milk whicli the infants had consumed, and further, because tlic 
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milli’s vitamin K content was determined only in some few speci- 
mens and not in the total quantity of milk produced during the first 
week. 

As mentioned above, it has been shown that the infant’s vita- 
min K requirement in the first week of hfe is about 75 units daily, 
by peroral administration; it must therefore be concluded that the 
mtamin K supplied through the milk plays an important perliaps 
the most essential role in suppl3dng the infant’s vitamin K require- 
ment. As the vitamin K concentration in woman’s milk is shown 
to be very’- variable, and as the quantity of millc consumed by the in- 
fant especially'- in the first days varies very considerably, it is 
probable that variations in the amounts of \’itamin K in the in- 
fant’s food are an important cause of the pronounced prothrombin 
variations found in the first week of life. 

Summary. 

1. Vitamin K content, is determined in cow’s milk and woman’s 
milk by Dam & Gla^^nd’s curative chicken method. 

From 0 to 4, an average of 2 units per ml is found in cow’s 
milk from tlie winter lialf-year. From 0 to 2, an average of 0.5 units 
per ml. is found in woman’s milk. After ingestion of water soluble 
vitamin K to the mother, the content rises to appro.vimately 2 
units per ml. 

2. The quantities found must be assumed to play an important 
part in the provision of the infant with vitamin K in the first week 
of life. 
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Sewage as a carrier and disseminator of Polio- 
myelitis Virus. 

By 

C. KLING, G. OLIN, J. FAHRAEUS and G. NORLIN. 
(Submitted for publication April 15, 1942). 


Part I. 

Searching for poliomyelitis virus in Stockholm sewage-. 

Contents: 

A. Observations made in the first test, 

B. Origin of the isolated poliomyelitis virus. 

C. Observations made in the second and third tests. 

D. Review and discussion. 

Since the methods for detecting the virus of poliomyelitis in 
intestinal contents have been more serviceable than before, in- 
vestigators in various countries have been able to report during 
the last two or three years that they have discovered the virus 
in human stools derived from both typical and abortive cases of 
infantile paralysis and from convalescents recovering from this 
disease. In the course of an epidemic of poliomyelitis in Stockholm 
in the autumn of 1939 it was possible at our institute, as stated 
elsewhere, ^ in the same test material in sucli case where it was 
collected during the earlier stage of the disease, to establish the pre- 

^ C. Kling, »Some features of recent experimental poliom 3 ’’clitis research)), 
Sv. Lakaresallskapets forhandlingar, 1941, 2S, 1954. 
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sence of the specific agent at such a higij rate that there was cause to 
assume tliat Us elimination through tlie intestine is a regular 
phenomenon. It is quite natural that under sudi circumstanres nrl 
expects, that during an epidemic the sewnge may he contaminnlcd. 
The question is -wliclhcr the poliomyelitis virus is able to keep aiivc 
in this medium and if it enters in such a quantity that its presence 
can be determined by means of the ordinary' tests. Tlie first answer 
to this question was obtained by an account of the experiments 
wliich tire American investigators Paul, Trask and Culotta (sul). 
sequently in co-operation with our Swedish colleague S. Ganl) hnil 
carried out in the course of urban epidemics of infantile paralysis in 
the U. S. A. during the summer of 1939. ^ In reality, these invts- 
tigators succeeded in demonstrating at three places where tiie 
epidemic raged (in the City of Charleston, in Detroit, in buffalo 
City) tire existence of the virus in sewage. As soon as wc were inform- 
ed of this discovery, it seemed to us important to gel it verified. 
Such an opportunity presented itself in the autumn of 1939 (iurifig 
an epidemical manifestation of the disease in Stockholm. 

We succeeded also pretty soon in registering a jmil'we result. 
In a preliminary' form this was communicated by M. Lcvatlili (ollie 
Academic de Medecinc in Paris in, April, 1910, with ensuing com- 
ments. “ The detection of the virus of poliomyelitis in Stockholm 
sewage was also reported during the autumn of the same year to the 
Swedish Board of Health. ^ 

After this period wc continued to try to elucidate the furtlur 
fate of the poliomyelitis virus in the Sloclcholm sewage. 1 he expe- 
rimental and epidemiological obsciwa lions made previously .omi 
subsequently have induced us during the past year to commence 
investigations into tlic conditions of life of poliomyelitis \irus oaf 
side the human organism. In the ensuing wc shall render an account 
of the results of our investigations hitherto achieved, holli m thf 
first and in the second respect. 


> Jolin Paul, Janifs Trask .nul S. Culotta, .Poliomyelitis virus in t-’J « 

scw.ogc. Science, 258, Sept. 1039. vi.m lu i;iP“ 

John P.iul. James Trask and Svrn^Gnrd, .Potiomyriflis 

sess-age. Journal Exp. Med, 1910, 7J, 705. i.ihv <!V •«-!*. 

* C. Kling, .Sur la presence dii virus poIlomy('llli(jiJC 
N’otc nrd-sentfic p.nr.M. C. I.evndltJ, Bull. Acad. MMerinc 19(0, f 

neporl to the Ssvodlsh Brmrd of llealtl., .StockluUm. I- S'. . - 

1910. 
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I. Searching for Poliomyelitis virus in Stockholm 

sewage. 

' A. Observaiions made in the first test. 

In the year 1939 there occurred in the capital, to judge from 
reports received, altogether 88 cases of poliomyej^itis, of which 73 
were with and 15 without paralysis, the vast majority — numbering 

67 during the months of August, September and October. In the 

previous year there was practically a total absence of the disease 
(only a few sporadic typical cases or a small number of probably 
abortive cases) and during 1940, until the end of August, not a 
single case of disease of this kind had been reported. It was thus 
clear that we had to do with an epidemic outbreak of poliomyelitis in 
the capital in the year 1939. The cases of the disease were fairly 
evenly distributed over all parts of the city, without any real 
tendency of forming foci (see accompanying map, fig. 4, of the 
Stockholm sewer-net on which also the cases of poliomyelitis are 
marked). The disease was of a relatively mild character and ended 
in only a few cases in death. 

For reasons which in the ensuing description of the Stockholm 
sewer system will be stated more particularly, there was selected as a 
site for collecting a specimen of sewage a regulation chamber (see 
fig. 4, at b) situated near Tegelbacken, or very close to the reci- 
pient used by the city. Here were taken, on the 11th October, 1939, 
under sterile precautions, 10 litres of seAvage, which were allowed to 
sediment for a week in the refrigerating room of the laboratory. 
From the bottom layer, which had been strongly cloudy, was trans- 
ferred by means of a syphon approximately 1 litre of the liquid to 
sterile containers, which were placed in the cold. On account of 
other urgent work the test material could not be dealt with until 
the 12th December, i. e. after 2 months’ storage, a circumstance which, 
as we shall see from the ensuing, became of importance for judging 
the question regarding the conditions of resistance of the polio- 
myelitis virus in the medium referred to. For enabling .the inocul- 
ation of the material into the ordinary test-animal — ■ the monkey 
— Ave used in principle the same method as that which of recent 
years in numerous cases we had employed for the inoculation of the 
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poliomyelilis virus from feces, i. c. shaking in dher for the punDose 
of gctl mg tlicm purified from banal bacteria ^ - a technique which 
liad been inaugurated by Paul and 'lYask in 1938; 2 Here are 
the particulars of this experiment. 

Ti e sediineiil dejmsiled during storage in tlic cold from about 6 litres 
of sewage, Avas diluted in slcrilo, distilled water and shaken for 8 hours to 
bring about a finely <Iistributcd suspension. Concentration of the liquid in 
a vacuum at a low loinpcraturo (about 7° C) to 100 cin^ After an admix- 
ture of sodium chloride in substance for attaining isotony and mixing Avitli 
a double volume of ctlier agitating in tliesbaker for three hours. 

I'Vir the animal test wore u.sod both the clear liquid (fraction A) resulting 
from a double centrifugation, the first a slight one, the second in a winkel 
centrifuge at about .'tOOO H. P. M. for CO minutes, and the sediment sus- 
pended in Cn rnP of physiologic sail solution (fraction 13). Both fractions 
were submilled to new ether treatment in order to deprive them, as far as 
possible, of banal bneterin (for altogether 9 respectively 18 hours). 

After that licgaii llie customary test of the two liquids for 
their poliomyeliti.s ])ro(lucing capacity. 

On llie ISIh Dec., 1939, ^factlctls rhesus V. T. -19 is given 30 cm® of frac- 
tion A peritoneally and 1 cm® neurally (in one n. ischiadicus). The animal, 
which was under obsei valion until the 8 Jan., 1911, or 21 days, without 
disjdayiug any paralytic synqdoins, was then sacrificed. In the necropsy 
nothing abnoimal noted in the inlonia! organs. Blood-culture: no growth. 
Ilistolngiealiy tiie nervous .system looked quite normal. 

On the following day, llie lOtli Dec., Maeacus rhesus inoculated 

jieritoneally with no cm® of fraction 13 and 1 cm® neurally (in one n. ischiadi- 
cus). On file nth Jan., 19 (0, i. e. after IS days, the monkey i.s found to be 
paretic in both arms. The same status during the next three days, for which 
reason tlie animal is sacrificed. In the auloj)sy the mesenteric, inguinal and 
axillary lymph node.s are found to be greatly enlarged and red, but other- 
wise the internal organ.s are without any remark. Blood-culture: no growth. 

At tile microscopical examination of liie nenra.xis there is staled, as fig. 1 
shows, the i»rosenre of udde-sprcad and eery intense poliomyelitic lesions (in 
tlie liyjiolhalanni.s, the floor of the fourth ventricle, the medulla and in the 
grey matter of the cervical and dorsal cords; akso in the grey matter of the 
lumbal cord perivascular infiltrations arc noticed but the ncuronopliagia 
are here .sjiar.se). 

On Uie 22nd Jan., 1910, a first po.ssago is made, in that a suspension of 
the neuraxis from monkey V. T. 51, stored in the refrigerator, is inoculated 
into Macacus rhesus V. T. 51-A cerebrally and peritoneally. Tliis animal 


’ C. JOiiig, G. Olin, J. II, .’\I.agmis.son cl S, Gnrd, Acta Mcdica Scanclinavica, 

'■ C. Kliug, ricporl to the Swcdl.sli Board of HcnlUi, Stockholm 10 Sept., 1940. 
' * Trask, Vignee cl Paul, .lourn. Amor. ]\led. Ass. 1938, 111, 01. 




Fig. 1. Macaciis rhesus V T 51 with paraiy/ic polioinycliUs. 

A. Hypothalamus showing mighty perivascular infiltrations. 

B. Floor in Ihc fourth ventricle. Same changes. 

C. Medulla. Same changes. 

D. Cervical cord, showing nenronophagia in the anterior horn. 

E. Dorsal cord with perivascular infiltrations and neuronophagia (right), 

F. Cervical cord, slight magnification. Note the numerous foci of ncuro- 

nophagia. 

sho\vs on the Sth Feb., or after IS days, clinical symptoms of poliomyelitis 
(tremors, paretic in both arms and one leg); sacrificed on the next day. 
The nervous system reveals microscopically typical and intense poliomye- 
litic lesions, still more advanced than in the primarily infected monkey. 

With the neuraxis from monkey V. T. 51-A Macacus rhesus V. T. 51 G, 
is infected in the same manner as monkey V. T. 51-A. On the 12th March, 
or 14 days after inoculation, the animal falls ill with typical symptoms of 
poliomyelitis (complete paralysis of the left hand, paresis in tl\c other 
extremities) and is sacrificed. Typical and severe changes in various parts 
of the neuraxis present. 

From these experiments it is apparent that we have succeeded 
in isolating the virus of poliomyelitis in a sample of sewage collected 
in Stockholm in the course of a minor epidemic of infantile 
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paralysis. The virus isolated was sufficiently infectious to produce 
in the monkey (Maccrcus rhesus) a typical experimental disease 
which could be transferred from animal to animal. 

But the experiment also gives us clarity about the ability of the 

poliomyelitis virus to keep alive under certain conditions in a 
medium of the said kind. For the aforesaid reason the test material 
was inoculated first after two months’ storage at a temperature of 
+ 4° C. From this fact can be drawn the conclusion that Ms 
etiologic agent can retain its virulence in sewage at a low temperature 
for quite a long time. It would, of course, have been interesting to 
deal further with this question, but the necessary supply of monkeys 
proved an obstacle to this, and we had therefore to adjourn the 
further study of this subject to a more favourable opportunity. 
Earlier experimental investigations have, however, supplied us 
with certain knowledge regarding the question of the resistance of 
poliomyelitis virus in a water-medium of another kind, to which we 
shall revert when dealing with the epidemiological significance of 
our finding. 

But even from a technical point of view it is of importance to know as 
exactly as ever possible how long sewage contaminated with polio- 
myelitis virus retains its virulence during suitable storage. In the sedi- 
mentation of the sewage, which is allowed to precede the inoculation into 
the monkey, the concentration of its fecal substances is increased. By 
reason of earlier experiences there is cause to suspect that, at least in some 
cases, the poliomyelitis virus may be destroyed during contact with the 
said substances. Already in 1931 Levaditi, Kling and Lepine ^ showed 
that merely a contact with monkey feces is able to diminish, aye, even to 
annihilate the virulence of a spinal cord-suspension. Kling, Olin, Magnus- 
son and Gard® tried, in 1938, to further clear up this problem. They 
found that a virulent human stool (derived from an abortive case of polio- 
myelitis, and after collection stored under ether for 12 days) in repeated 
tests, carried out after 53, 152 and 190 days had lost their specific pathoge- 
nicity. In virtue of increased experience gained by us during the 1939 Stock- 
holm epidemic we know now that one has to do with individual variations 
in regard to the resistance of poliomyelitis virus in human fecal matter. 
For we saw its virulence retained after 50, aye, even after 105 days’ storage 
under a layer of ether in the cold. (In the ensuing w'e shall revert in detail to 
this question). The preceding^ remarks may perhaps be sufficient to illu- 
strate that for the time being it will be most prudent, as also Paul, Trask 
and Gard® recommend, to allo'w the shortest possible interval to elapse 

1 Levaditi, Kling et Lepine, Bull. Acad. Med. 1931, 105 . 

2 Kling, Olin, Magnusson et Card, Acta Medica Scandinavica,-1939, 112 , 6. 

s Loc. cit. 
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between the collection of the sewage and its testing for the presence of 
poliomyelitis virus. 

Another detail of technical interest may also call for some comments. 
In spite of repeated and lengthy shaking with ether we did not succeed in 
getting the clear liquid or the sediment obtained by means of centrifugation 
perfectly free from bacteria. We were, therefore, forced to give up the 
cerebral route of inoculation (fearing secondary infection), and we had in 
both cases to administer the material pcritoncalhj and neurally (in one n. 
ischiadicus). The method led in spite of this in the one test animal, viz. 
monkey Y. T. 51 (inoculated with the sediment suspended in physiologic 
saline solution) to a positive result, -while the monkey V. T. 49, inoculated 
with the clear liquid, escaped infection. How shall we explain these vary- 
ing results? Have we had to do with a different receptivity in the two test 
animals or was the poliomyelitis virus present in a higher concentration in 
the sediment than in the clear liquid? It is impossible to give a precise 
answer to this question, to judge merely from these two solitary experi- 
ments. It may in this connexion be worth mentioning that one succeeds 
relatively easily in getting the liquid obtained by prolonged centrifugation 
of a fecal suspension, with subsequent agitation with ether for a longer or 
shorter period, perfectly free from bacteria. Such a liquid can bo inoculated 
both cerebrally and peritoncally. We have been able, in the autumn of 1939, 
to demonstrate virulence in several liquids of that kind derived from cases 
of poliomyelitis. It is clear that the virus, in spite of the strong centrifuga- 
tion, is kept suspended in the liquid in sufficient quantity to manifest its 
presence in the test experiment. 

As has been said in Uie preceding pages, the strain of polio- 
myelitis virus isolated from Stocicholm sewage could be passed 
through three rhesi (V. T. 51, V. T. 51A and V. T. 51 C). The experi- 
mental disease induced in these animals was of a clinically and ana- 
tomically t 3 '^pical character. Other passages made with this strain 
gave further information about its properties. 

On the 22nd Jan., 1940, we prepared a suspension of the swmllen mesen- 
teric, inguinal and axillary lymph nodes from monkey V. T. 51 stored in 
glycerol (the neuraxis of this animal was fully virulent as proved by the first 
passage accomplished with it; sec above). The suspension rvas given to 
Macacos rhesus V. T. 51 B by cerebral and peritoneal injections. This mon- 
key remains in spite of careful observations perfectly free from paralytic 
symptoms until the 15th Febr., during 29 days, wlien it was sacrificed for 
histological examination. As illustrated in fig. 2, there are present in tlie 
inoculation area wide-spread glial reactions around the blood vessels, peri- 
\ascular infiltrations in the walls of tlie ventricles, in tlie choroid plexus, 
and the pons matter. In additiontothesechangesonecanseenouronophagia, 
even if sparsely, in certain segments of the spinal cord and also the patcliy 

perivascular meningitis in several levels of cerebrum, pons, and of the spinal 
cord. , 



224 


C. KUKG, 


0. OLIN, J. FAlinAEUS and G. NORLIN. 


Fig. 2. Macacus rhesus V T 51 B with abortive poliomyelitis. 

A. Inoculation area (in the vicinity of the anterior horn of one of the lateral 

ventricles), showing perivascular glial infiltrations. 

B. Wall of Ihc inferior horn of one of the lateral ventricles with a perivascular 

infiltration. 

C. Pons. Mononuclear perivascular meningitis at its ventral side. 

D. Pons, showing a perivascular infiltration. 

E. Cervical spinal cord with perivascular infiltration in the pia. 

F. Cervical spinal cord. Note the focus of neuronophagia in the grey matter. 



On the 1st April, 1940, Macacus rhesus V. T. 51 D vvas infected with a 
.spinal cord suspension from monkey V. T. 51 C (the third animal in the serial 
passages with virus V. T. 51) cerebrally and peritoneally. The animal 
under observation until the 22nd April without displaying any morbid 
disturbances. Sacrificed on this dale, i. e. 22 days after inoculation. Histo- 
logically the optic thalamus, the roof of the fourth ventricle and the grey 
matter in several segments of the spinal cord reveal lesions typical of polio- 
myelitis (perivascular and focal infiltrations, partly consisting of hyper- 
trophic gliacells, but also charateristic neuronophagia in the anterior horns, 
see fig. 3). 

We have previously in not rare cases since the start of the last 
great epidemic of poliomyelitis during the year 1936, been given irre- 
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Fig. 3. Macacus rhesus V T 51 D willi abortive poliomyclilis. 

A. Thalamus with mighty perivascular infiltrations. 

B. Roof of the fourth ventricle, showing light perivascular inliltrations. 

C. Lumbal spinal cord, showing a perivascular infiltration in the pia, 

D. Lumbar spinal cord. Perivascular infiltrations near the central channel. 

E. ■ Lumbal spinal cord. Note the focus of ncuronophagia in the anterior horn. 

F. Lumbal spinal cord, showing a mighty glial infiltration in the grey matter. 


futable proofs that experimental poliomyelitis can occur as an 
inappareni infection, which diagnosis can only be made by the his- 
tological examination of the nervous system. We have seen it make 
its appearance after inoculation with indubitable poliomyelitic 
material from human beings (spinal cord, lymph nodes), with intes- 
tinal content from typical cases of poliomyelitis and from abortive 
ones; we have observed it in the course of our serial passages carried 
out with typical strains of poliomyelitis virus isolated from 
test material of the said kinds. We have now^ also been able to 

^ Kling, Olin, Magnusson et Card, Loc. cit, p. 634. 

C. Kling. Din search of poliomyclilis Virus in Drinking Water, The Interna- 
tional Bulletin, Vol. A. 40; Infantile Paralysis, p. ICG— 172. 

C. Kling, Report to the Swedish Board of Health, 10th September, 1940. 
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make similar observations in passages accomplished with the strain 
of pohomyehtis virus V. T. 51 isolated from Stockholm sewage. 
Of the five mo^keys that had been infected with this strain, and 
whose histological lesions have been commented in the precedintr, 
the experimental disease has in two of them passed without aay 
noticeable clinical symptoms. We shall in the ensuing, when the 
question arises about persistence of poliomyelitis virus in Stock- 
holm sewage, communicate a third observation of the same kind; 


B. Origin of the isolated poliomyelitis virus. 

The question arises now; Whence was the poliomyelitis virus 
derived, which has been isolated from Stockholm sewage? In order 
to elucidate this question, it is necessary to render an account of 
certain circumstances of importance in this regard. First, some 
orienting information about the Stockholm sewer-system in its 
present condition. 

The Stockholm sewer system is at present in process of reconstruction 
along fully modern lines. After having previously allowed the main sewers 
to empty direct into the recipient — Riddarfjarden, Norrstrom, and the 
Baltic — i. e. working along the socalled perpendicular system, a departure 
is now being made to the comhined system with common sewers for surplus 
sewmge (accruing during increased precipitation) and w'aste-water of diffe- 
rent kinds and with the main sewers emptying into intercepting sewers, 
which join at sewage works in course of construction at Henriksdal. After 
mechanical and chemical treatment at these works, the sewage will empty 
into the Baltic, just below the Danvik Hospital. On the accompanying map 
we have tried to illustrate the most important parts of the sewer system, for 
which reason it is not necessary to enter into details. The intercepting 
sewers have for the greater part come into operation, but since the sewage- 
works have not yet been finished, the collected sewage is allowed, after the 
junction of the intercepting sewer in the south with the main sewer coming 
from Brannkyrka, to empty provisionally into the Baltic close to the steps 
at Tegelviken (See at e). 

During the reconstruction of the sewer system now progressing, it has, 
of course, not been altogether possible to avoid the drawbacks attached to 
the old system. Thus there has, by way of_ example, not been time to start 
on the planned intercepting sewer between Kungsholmen and the Rosen- 
bad Park (between a and c on the map), for which reason the sewage 
from some of the northern parts of the city had to be conducted direct into 
Riddarfjarden, through a divers’ sewer running underneath lAlarasjo Lake. 
During some months in the autumn of 1939 (betw'een the 3rd October and 
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Table 1. 

Cases of poliomyeJitis within the Norrmalm drainaee i 
(throughout the year 1939) 



neciecl with ihe redpient proper — the outlet of Lake Maelar into . 
the Baltic. It may further be stated that an immediate desinfec- 
lion of the stools is made before they are emptied into the drains 
of the hospital. We may thus with absolute ceriainiy exclude Ihe 
assumplion that the isolated poliomijcliiis virus emanated from Ihe 
patients under treatment at the Isolation Hospital. 

If we assume that the poliomyelitis virus which occurred in the 
Norrmalm sewer system had been derived from human sources of 
infection, these sources must have existed within the drainage area. 
Approximately 100,000 persons are living within this part of the 
city. As we can see from the attached map, there had during the 
whole of 1939 occurred in this urban area 12 cases of poliomyelitis, 
of which 10 with and 2 without paralysis. Four of the cases occurred 
during the first 4 months of tJie year, the remaining eight during the 
period August-November. 

In order to illustrate how many of the 12 cases could constitute 
the origin for the poliomyelitis virus isolated, they have been 
brought together in table I, stating the type of the disease, date of 
falling ill, date for reception at the Isolation Hospital and the occas- 
ion of collecting the sample, and, finally, their supposed part as 
sources of contamination for the sewage on the occasion in question. 
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We see, then, first from this summary, that two of the cases 
(N;o 69 and 73) without any further ado can be excluded as sources 
of infection, inasmuch as they occurred on the 19th October and 7th 
November, respectively, or after the day on which the specimen of 
sewage was taken (11th October). One of the cases (N;o 17) was 
living within the southernmost part of the drainage area, and in 
such a site within the same that the stools from this case probably 
were discharged into the Rosenbad sewer (at c). Since, however, 
regurgitation of the contents of the sewer from the Rosenbad pipe 
to the sewer beneath Vasagatan on certain occasions cannot be 
excluded, we count also this case as a possible source of infection. 
As regards, again, six of the cases, it is seen that so long a period 
had elapsed between falling ill and the collecting of the sample (49 
days — 10 months) that one must greatly question the possibility 
of these as direct causal factors ^ for the sewage contamination. 
Properly speaking, it is only three of the cases (44, 10 A and 64) 
which can seriously be included as presumable origin for the polio- 
myelitis virus isolated from the specimen of sewage — if by that 
one means an immediate derivation from the sick persons (2 — 27 
days). 


We see furtlier from the table that 6 of the 10 cases, suspected as possible 
sources of infection, were lying in their homes before being removed to the 
Isolation Hospital, relatively a short time (3—5 days), the four remaining 
ones, on the other hand, for a longer period (respectively 8, 9, 16 and 23 
days). During their stay at home the patients had certainly several times 
discharged intestinal excretions containing pohomyohlis virus into the 
sewer system in question. This excretion of virus has lahen place during 
January, February and in April, and during the montlis of August, Sep- 
tember and October. In another connexion it may be of interest that even 
after the time the specimen was taken, contamination of the sewer took 
place through fresh cases occurring, viz. two, during the months of October 
and November. 


It is this that we know Avitb certainty regarding the possibilities 
of t]jc contamination of the sewage by poliomyelitis virus. It may 

^ In our iiivestigatioiis into the virulence of fcccs carried out during the 
epidemic in the autumn of 1939, we found the positive specimens in 
66.7 /o to come ^Yipin the 7 first days after falling ill, while those taken bc- 
8lh and 2alli day were positive only in 23.5 % of all those examined 
(m all 32 speermens). 1 1 respectively 20 days were the extreme limits for our 
positive tests registered during this epidemic. In e.vceplionaI cases, however, 

from investigations 

earned out in other quarters and on other occasions (Kling, Pettersson and 
Wernslcdt in the year 1911, Ldpinc in 1 938). Liicrsson ana 
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now be added: Contamination may also liavc been brought nl, at 
through undiagnosed cases of poliomyelitis passing off ahorthdj 
within the drainage area, and because of that not reported. 

Of the 12 cases known within the Norrnialm drainage area. 1 ’.mj 
had been comprehended as such forms of disease. Of the 88 iai.i 

reported during the year 1939 fifteen, i. c. 17 % of all. had t^a 
diagnosed as poliomyelitis tvilhoiil paralysis. This agrees pretty \u!i 
with the statistics for the whole country ^ during the year in ((uii- 
tion. During that year our medical officers notified Oi l cans ef 
poliomyehtis, of which 131 willioiil paralysis, or 21.1 %. It nuy 
also be mentioned that during the period 1936—1910 altugetlar 
7555 cases of poliomyelitis were notified, of which 1103 wilhmit 
paralysis, forming an average of 15.4 %. 


That some abortive case or other witliin the Norrnialin drain.igf jfu 
did not come under medical observation, is quite possible, avf, (.•vin pnl)- 
able, but in view of the anxiety and worry about llie consequeucl.-.'i of li.r; 
disease, which in limes of an epidemic always arise amongst our gi.tiad 
public, and the eagerness in summoning a medical man at tlie.4igliK-t 
suspicion of the disease, we may assume tlial such cases cannot haiclem 
particularly numerous. No wide-spread sickness prevailed in t)»e dat- 
ing the period here in question, for which reason we have also no caite to 
assume that any very large number of ««-reporled cases ot poliomytljlb 
occurred. We are unable at our present singe of knowledge and with oer 
hitherto diagnostic aids to present any bases for a possible prostcc.' d 
healthy virus carriers, but for epidemiological reasons it seems to us j 
ible to assume that lliey had not been particularly numerous. If .such vims 

caiTiers had existed in any large numbers, one should have been aiUlh I 

to expect that poliomyelitis in a city like Stockliolm, with its phnldd 
opportunities for contact between individuals, would have reached a uiud. 
greater scope. 

In view of the facts adduced in the preceding, i. c. the occurn nee 
within the Norrmalm drainage area — before tiie collection of d-c- 
sewage sample — of 10 cases of illness due to poliomyelitis during 
the year 1939, we arc, however, able to make .some general cmvi- 
derations and bring forward some tlieoretical remark.s on how d 
might have been possible to disclose the presence of poIiomyeh!i> 
virus in such a vast volume of sewage as the one here in ([ue.'i!i<'U- 
First some suininary items of information mi liur magnitude of t uv 
volume of water which we obtained from lhere 5 pectiveautlior)fK.'>.‘ 


«As from the- Jst .September. 1 030. our medicol offher. sen- 
report if tlie cases of poliomyelitis bad passed off willi or wdl.out p.i a . 
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the sgatukontoD) of the city. If one counts — which was clone in the 
planning of the dimensions of the sewage works — witli a quantity of 
waste-water running off at the rate of about 200 litres for each per- 
son and day (24 hours), we shall reach- with a population of 100,000 
persons as within the Norrmalm drainage area, a total quantity of 
20,000 cubic metres of sewage, or 20 million litres. It is in this 
quantity of water that the stools discharged in the course of 24 hours 
are suspended. 

Of this volume of sewage, amounting to 20 million litres, 6 litres 
(concentrated into 60 cm^ and injected peritoneally and neurally) 
had given rise to the manifest, but not fatal, poliomyelitis in the 
test-animal. If avc estimate the quantity of virus introduced at one 
infective dosis, and presume that the virus has been equally distri- 
buted in the sewage, about 3 millions of infective doses per day (24 
hours) would have passed through the Stockholm sewer system 
(^/{j X 20 millions). ^ 

In our stool examinations during the Stockholm epidemic of 
1939, we infected as a rule the monkeys with 2.5 grammes of fecal 
matter (about 50 cm^ of a centrifuged 5 percent fecal suspension) 
peritoneally and cerebrally, and in that manner we succeeded in 
about 40 % of the cases tested to isolate the poliomyelitis virus, 
which however in no case gave rise to fatal infection. We arc, there- 
fore, able to reckon approximately with one infective dose for 6 — 7 
grammes of fecal mass (100 percent infection). If one reckons further 
with the excretion of 200 grammes of feces per person and day the 
consequence would be that a poliomyelitis patient during a certain 
stage of the disease discharges 30 doses per da^^ (24 hours) infective 
for the monkey. If, in order to be on the safe side, one considers the 


ten cases of poliomyelitis within the Norrmalm drainage area as 
acceptable direct and only sources of infection, 20 million litres of 
sewage would thus during one day have contained 300 infective dosc.s 
(10 X 30), but really there were, as is seen from the preceding 

remarks, only three cases of disease — viz. the freshest ones 

which one need seriously have to deal with as likely origin for 

1 11 may in lliis connexion be of interest to mention Hint Paul, Trask and 
Card 111 llic di.scnssion of their discovery of poliomvelilis virus in thc.smvaRo 
of Cliarleston, tlicorelicaily estimated tlic quantity of virus tiiat liad passed 
collecting .sewage specimens (the pumping .station) at 
which, if we convert the same into day- 
SSwa c^culation." ~ " »Rreemenl with 
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poliomyelitis virus, altogether thus about 100 infective doses uer 
day (of 24 hours). ^ 

Now, to judge from the result of the experiment with the Stock- 
holm sewage, about 3 million infective poliomyehtis doses, seem to 
have run through the sewer from the Norrmalm drainage area 
within the corresponding period. How shall one now explain this 
apparently divergent result of the calculations made? Can they be 
brought together under a common visual angle? WebeUeveso. Two 
alternative possibihties present themselves, in our opinion. 

The one possibility is, that the poliomyelitis virus has multi- 
plied since leaving the sick individuals by means of the excrements. 
We are also able to get an approximate measure of the magnitude 
of this multiplication. It should with the said assumptions vary 
between 10,000 and 30,000 times, all according to whether one 
s sues from 10 or 3 human sources of infection. 

The second possibility is, that within the Norrmalm drainage 
area there had existed a considerably larger number of virus car- 
riers than seems apparent from the occurrence of the observable, 
typical and abortive cases of disease. One asks, then, how many 
virus carriers would have been. needed in order that, with the afo- 
resaid premises (30 infective doses per individual and day), 3 mil- 
lions of infective doses of poliomyelitis virus would have entered 
the sewage system? To this one can answ^er, that it may have 
required no fewer than 100,000 virus carriers, or in other words, the 
entire population of Norrmalm. 

Of these two possibihties the latter seems to us very httle 
probable, and this for epidemiological motives already mentioned. 
On the other hand, in our opinion the former possibility is much 
more easily acceptable, i. e., that the poUomyehtis virus, when it 
has once been eliminated into the sewage, has undergone a con- 
siderable multiplication whose magnitude one can only conjecture 
approximately. We shall in the ensuing revert to the conditions of 
this multiplication. 

C. 'Observations made in the second and third test. 

It seemed to us, of course, both from a practical hygienic and 
from a theoretical point of view, of interest to try and get clarity 
of how long the existence of poliomyehtis virus could be detected in 
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Stockholm sewage, especially siace the epiilenhc of infantile para- 
lysis had ceased. The two last cases in the capital fell ill, accoiding 
to reports filed, on the 2iul and 7th November, respectively. Within 
the Norrmalm drainage area, whicli interests us experimentally, 
there had, after tlie collection of the specimen of sewage on the 
11th October, occurred two cases, one with date of falling ill the 
19th October, the other on the 7lh November, both cases of a para- 
lytic type. It is the last-mentioned date that interests us e.specially. 
The patient in question had been received at the Isolation Hospital 
on the same day. T.s jrotn Ihc 7Ui Nouember, 1939, we are therefore 
able to reckon with a fini.sh of the contamination of the Norrmalm 
sewage by poliomyelitis virus, at least from known human sources of 
infection. 

On the 15lh February, 1910, thus after fully three inonllis bad elapsed 
from the occurrence of the last case, we resolved to re])eat tbo .sewage tests 
from the same drainage area. We were then unable to jnake use of the same 
site of collection as the first lime, viz. the regulation chamber at Tegelbac- 
kcn. The temporary arrangciuenls mentioned in the preceding hail ceased 
to exist on the Mill November, 19:i9, and the sewage from the Norrmalm 
drainage area was discharged after this date into the intercepting sewer in 
the Rosenbad Park, which sewer opens out into the pumjiing station at 
Karl Xll’s Square. There was thus a possibility to get samples from tlio 
drainage area in question. On the 15lh February, 1910, we therefore collect- 
ed 10 litres of sewage hero. 

'I'he sediment precipitated from this sewage, which had been stored in 
the refrigerator-room until the 15lh May, i. e. for three months, was prepared 
for inoculation into monkeys in the same way as in the first test (see above). 
The same as then, we recovered through the preparation two parts, one 
fraction A (= the clear liquid obtained through centrifugation) and a frac- 
tion B (= the sediment, suspended in physiologic salt solution), both 
shaken up with ether for achieving the le.asl possible bacterial content — 
perfect freedom from bacteria was impossible to bring about. The virulence 
lest thereupon commenced: 

On the 29lh May, 19‘10, are injected into Macacus rhesus V. T. 57 A of 
fraction A 25 cm^ peritoncally and 1 enP intrasciatically. The animal under 
observation until the 18th Juno without displaying any morbid distur- 
bances and is now sacrificed, i. e. on the 20th day after inoculation. Strong- 
ly swollen lymph nodes in the mesenlerium, inguines and axillae. Other- 
wise the internal organs are without any macroscopical changes. Blood- 
culture: no growth. The neuraxis presents histologically a fully normal 
aspect. 

On the same day, or the 29lhMay, Macacus rhesus Y. T. 57 B is given 
G0cm=> of fracUon B peritoncally and l enP intrasciatically. The animal dies 
on the following day of peritonitis. A new Macacus rhesus V. T. 57 B is 
IG — Acta med. scandinau. Vol. CXII. 
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Fig, 5. Macacus rhesus V T 57 B with abortive poliomyelitis. 

A. Third ventricle with cellular infiltrations in the choroid plexus. 

B. Wall of the central part of one lateral ventricle, showing perivascular collar. 

C. Thalamus with the same lesion in the neighbourhood of the third ventricle. 

D. Medulla, showing perivascular meningitis. 

E. Medulla with perivascular collar. 

F. Lumbal spinal cord with perivascular meningitis. 


infected with the same fraction (40 cm® peritoneally and 1 cm® intrasciatic- 
ally). The monkey seems during the first days after inoculation intoxicated, 
but recovers soon completely and is kept under observation until the 18th 
June without showing any signs of paralysis. Sacrificed on that date, thus 
after 19 days. Mesenteric, inguinal and axillary lymph nodes voluminously 
swollen and red. Otherwise the internal organs look normal. Blood-culture: 
no growth. The microscopical examination reveals, as fig. 5 shows, wide- 
spread lesions of the type which we have seen to be present in the nervous 
system, when the abortive poliomyelitis occurs in the monkey (the patchy 
leptomeningitis on various levels of the brain, medulla and spinal cord, 
focal infiltrates in the choroid plexus, perivascular collars in the vicinity of 
the lateral ventricles, in the nervous tissue of the optic thalamus, pons 
and medulla; inflammatory process in spinal cord absent; its nerve cells 
apparantly intact). 
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An allcmpt was made lo transfer tlic abortive infection of 
monkey V. T. 57 B to a new test-animal. We selected for this pur- 
pose as transferring tissue the lymph nodes stored in glycerol in the 
cold — and this for the reason that in our previous passage-tests we 
had found that in monkeys with abortive poliomyelitis this matc- 
lial is mostly more infective than the nervous tissue. The result was, 
however, negative, as will be seen from the following experiment. 

Macacus rhesus V. T. 57 G is given on the Gth July, 1910, ecrcbrally and 
periloneally a suspension of the mesenteric, inguinal, axillary lymph nodes. 
The animal is kept under observation until the Gth August, i. o. for 31 days, 
without manifesting any clinical symptoms. The animal is sacrificed on 
that day. The microscopical appearance of the nervous system is entirely 
normal. 

We have in the preceding been trying lo draw attention to some 
of our observations regarding the occurrence of abortive poliomye- 
litis and its anatomical basis, and also accomplished fresh examples 
of such forms of the experimental disease, observed during the suc- 
cessive passages with the strain of poliomyclilis virus V. T. 51 iso- 
lated from Stockholm sewage in October, 1939. To judge from our 
experiences, the abortive poliomyclilis seems to make its .appearance 
especiallj" when the virulence of the causal factor for some reason 
or other is decreasing. We find this opportunity suitable lo quote 
a particularly illustrative e.xpcrimcntal example of such allcnu.a- 
tion of llie palhogcnicily in a strain of poliomyelitis virus recovered 
from a specimen of fcccs originating from a tj^pical case of poliomye- 
litis (case 4244/39, Karin V., treated at the Stockholm Isolation 
Hospital) and collected on the seventh day of the disease. The lest 
material, when taken for inoculation, was stored in the refrigerator 
under ether for 50 days. 

On the 24ll> November, 1939, JUJacacus rhesus 4214 is infected with 
GO cm= peritonefUly and 0.5 cm^ inlr.acerebmlly of tlie clear liquid obtained 
in the ordinary manner — ether treatment and centrifugation of the fecal 
suspension. On the lllh December, or after 17daj’s, tt/picaf symptoms of 
poliomyelitis, which during the next day developed into full tetraplegia. 
Microscopically typical and severe poliomyelitic lesions in different levels of 
the neuraxis (see fig. G). 

On the 19lh December, 1939, the glycerol-preserved neuraxis from this 
monkey ss passaged in Macacus rhesus 4244 A by intr.accrebral and imri- 
toneal injections. Typical si;mpioms oj poliomyelitis on llio 31st December 
or after 12 days, produced, as the following histological ex.aminalion disclos- 
ed, by typical, intense lesions. 
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Fig. 6. Macacus rhesus 4244 with paralytic poliomyelitis. 

A. Frontal cerebral region with mighty perivascular meningitis in one of the 
sulci. 

B. Inoculation area (wall of central part of one lateral ventricle) showing a 
large glial infiltration in the corpus callosum. 

C. Hypothalamus with perivascular collars. 

D. Floor in fourth ventricle with perivascular collars. 

E. Cervical spinal cord. Note the focus of neuronophagia in the anterior horn. 

F. Lumbal spinal cord with perivascular collars and foci of neuronophagia in 
the grey matter. 

In order to ascertain whether the stool specimen in question 
containing poliomyelitis virus was able to retain its virulence for 
any length of time when stored in the refrigerator (+ 4°C) under 
ether, the following experiment was made: 

On the 19th January, 1940, Macacus rhesus 4244 D is inoculated intra- 
cerebrally and peritoneally Avith approximately the same quantity of the 
fecal matter, after being stored under ether in the cold for 105 days and 
prepared as in the preceding stool-test. On the 24th January, or on the sixth 
day, the monkey sIioavs tremor, and oculomotorius paralysis. These symp- 
toms disappear soon, and on the 9th February, or 21 days after inoculation, 
the animal is sacrificed. In the histological examination the folloAving lesions 
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Fig. 7. Macactis rhesus 4244 Dwilhtramilory-ahorlivcpoViomyiiYiVis. 

A. Anterior part o{ one o( the lateral ventricles willi ccllul.or infiltrations in the 
choroid plexus. 

B. Central part of one lateral ventricle witli same lesions. 

C. Wall of the fourth ventricle sliowing perivascular collar. 

D. Medulla oblongata with same lesions. 

E. Cervical spinal cord showing perivascular collars in the boundary between 
the white and grey matter. 

F. Dorsal spinal cord with perivascular meningitis. 

are found: Patchy leptomeningitis in various levels of the neuraxis (cerebral 
hemispheres, pons, cervical and dorsal region of the spinal cord, focal infil- 
trations in the choroid plexus of the lateral ventricles, numerous perivascu- 
lar cuffings in the wall of tlic fourth ventricle and in the medullary tissue. 
Apart from the said meningitis the changes in the spinal cord are trifling. 
Here and there in the white and grey matter of the cervical region slight 
perivascular infiltrates are present, but no neuronal damage can be delected 
(see fig. 7). 

The same test material which on llie 50th day after its collec- 
tion and storage in the refrigerator under ether had induced para- 
lytic effect in the monkey, has after its continual preservation in a 
similar manner, altogether for 105 days, been able to give rise by 
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inoculation to an experimental disease of n i, 

character. The lesions of the central nervous systemTad tathis 
case the same ocahsation and the same appearance as those which 
w;e not rarely have observed inter alia in passaging typical straS 
of pohomyeht,s virus to otlier moniteys. In this instance the lesio“ 
were especially pronounced in the floor of the fourth ventricle and 
in the medulla. It we add to this, that the changes seem to have 
been set up by a causative agent of a virus nature resistant to ether, 
there should, not be any doubt that we have succeeded once more in 
recovering the poliomyelitis virus from the same test material 
though with a lower degree of pathogenicity. A passage accomplish- 
ed with the neuraxis from the said monkey might possibly have 
given further evidence of the specific nature of the lesions. We say 
»possibly», for in consideration of our earlier experiences we expected 
to have only very small prospects in producing the typical para- 
lytic disease with that passage material. For we have only in two 
cases of abortive poliomyelitis in monkeys (oi meningo-cerebral type) 
noticed a tendency of the virus to increase its pathogenicity in such 
measure that the presence of pontino-spinal lesions with neurono- 
phagia in the grey matter of the spinal cord could be recognised in 
the passages. ^ But also in these passages the infection established 
developed without clinical sjinptoms. In the rare cases in which 
the experimental abortive disease gives a positive result in the 
passages, it is more usual for the inflammatory process of the 
neuraxis to present a similar appearance and localisation as in the 
primarily inoculated animal. In an ensuing paper we shall deal more 
thoroughly with the question concerning the abortive, experimental 
poliomyelitis, and the criteria for its diagnosis. - 


^ Loc. cil. 

s Recently, also Sabin and Ward in »The Journal of Experimental Medicine* 
(Vol. 73, N:o 6, June, 1941)relatcd their observations of mon paralytic* polio- 
myelitis in monkeys after inoculation with human or first passage virus 
anatomically characterized by an outfall or destruction of the neurons in the 
grey matter of the spinal cord, through the presence of degenerative reactions 
in the nerve roots, together with more or less pronounced infiltrative lesions 
in the different levels of the neuraxis. They established, similarly to us, the 
great difficulties in attempting to pass the abortive infection to other mon- 
keys (of 14 cases only two positive passages with the development of typical 
paralytic poliom 3 ’'elitis). We can in this connexion not omit to express our sur- 
prise at the nonchalance with which the American investigators try to make 
nut that the monkeys used by us had been affected with a spontaneous infec- 
tion, maintaining that the vascular lesions observed by us in the neuraxis of 
the monkeys inoculated with human virus or with passage-virus (derived from 
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The interest attaches in the first instance to the striking simila- 
rity of the lesions present in the central nervous system of monkey 
4244 D, to those revealed in Macacus rhesus V. T. 57 B, inoculated 
v’itli the specimen of sewage collected on the 15tli February, 1940, 
or three months after the cessation of the poliomyelitis epidemic in 
the capital. Tlic comparison can be carried still further. With test 
material from the same vehicle, sewage from the Norrmalm drainage 
area, but obtained on the 11th October, or at the height of the epi- 
demic, we had succeeded in producingin the monkey the typical para- 
lytic disease with intense characteristic lesions. Even in the serial 
passages accomplished with this strain we have observed the 
abortive infection showing histological findings prevailing in the 
upper regions of the neuraxis (monkey V. 1 . 51 B, sec above), in 
other words, the same clinical type and quite the same anatomical 
substratum as in the ))slool-monkey)> 4244 D and the »sew'age-mon- 
keyi) V. T. 57 B. We believe, therefore, to have strong reasons to 
draw the conclusion that the presence of the poliomyelitic virus in 
the Stocl<holm sewage has been demonstrated also in the second 
test, i. e. three months after the epidemic had ended. However, 
the power of infection of the strain recovered in this test appears to 
have been decreasing and become so attenuated that our attempts 
to transfer the infection to other monlccys failed. 


Issuing from the experimental observations related in the pre- 
ceding, it seemed as a matter of course of importance in one respect 
or the other to follow farther the fate of the poliomyelitis virus in 

lypic.al strains) and showing llic abortive or transitory poliomyelitis had in 
reality been tlic histological base of such an infections process — and this in 
spite of our definite and well-founded assurance to tlie contrnrj’, i. e. llial we. 
have been able lo exclude the occurence of a spontaneous disease in our icst-animals 
(sec International Bulletin, Vol. A 40: Infantile Paralysis, Nolo 2, p. 
371; a regrettable misprint — »inoculated* sliould he read mninoculalcd* 
— appears lo us iiardly to constitute n satisfactory ground for llicir 
hastily discriminating our findings from their own, c.spcciallv so since in 
our earlier note in ,4cia Medica Scandinavica, 1933, p. 634, in wfiich we dealt 
with tlie elimination of the virus through intestine, wc also ventilated the 
same question w'ith the use of the term *»singes non inoculcs*). 

Even Bodian and Hope liavc quite recently (sec Bull, of John Hopkins 
Hospital, Vol. G9, N:o 2, August 3941) been able to cslahlisli the occurrence of 
a »non-paralytic» tjqie of experimental poliomyelitis. TJiesc investigators have, 
similarly to ourselves — yet without mentioning tlic previously made Swedish 
observations observed that the poliomyelitic process induced in tlic monkeys 
under certain conditions may be limited to the upper regions of the neuraxis. 
and thus arrested before involving the spinal cord. One must, in other words, 
reckon with an encephalitic form of the experimental disease. 



240 


G. NORUN. 


C. KLINC, G. OUN, 3. fAhrAEUS and 

Stockholm sewage. In order to illuminate this question we therefore 
proceeded to a third sewage-test. Ten litres of sewage were on the 
18th Aupst, 1940, collected at the pumping station atKarlXlI’s 
Square, i. e., at the same site as in the second test, and at a moment 
when, after a lapse of nine months since the last case of poliomyelitis • 
had been diagnosed in the capital. The test was carried out in the 
same way as before. 

From fraction A (the clear liquid recovered by centrifugation) Macacus 
rhesus V. T. 59 A is given 40 cm» peritoneally and 1 cm^ intrasciatically on 
the 31st October, 1940 (after the sediment had been kept in cold storage 
for about 2 months). The animal was kept under observation until the 28th 
November, i. e. 28 days, without displaying any paralytical symptoms, for 
which reason it was killed for histological examination. Everywhere in the 
neuraxis a normal appearance. 

Macacus rhesus V. T, 59 B infected on the same day, the 31st October. 
1940, with 20 cm^ of fraction B (the sediment suspended in physiologic 
saline solution) peritoneally and 1 cm® intrasciatically. After 21 days’ 
observation, during which the monkey seemed to be in good health, it is 
sacrificed and in the microscopic examination of the neuraxis nothing 
abnormal could be detected. 

This third and last test thus gave an entirely negative result. 
The poliomyelitis virus seems, in other words, to have disappeared 
from the sewage derived fram the Norrmalm drainage area — at 
least in a degree of virulence disclosable by the ordinary method. 


D. Review and discussion. 

The establishment of the presence of poliomyelitis virus m 
Stockholm sewage gives us cause for several comments of a practi- 
cal and theoretical nature. In order to facilitate this discussion we 
have deemed it suitable to summarize the results of the investiga- 
tions in the following survey (table 2). 

As is seen from the preceding account, there has been isolated 
on the first test occasion, lltli October, 1939, i. e. in the height of 
the poliomyelitis epidemic prevailing in Stockholm, a strain of 
poliomyelitis virus, giving rise to the experimental disease 

(with paralytic symptoms and the characteristic lesions in brain 
and spinal cord), and which could be transmitted in serial passages. 
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Table 2. 


Date of 
sampling of 
sewage 

Cronological 
relation of 
tests to the 
Stockholm 
epidemic 

Storage peri- 
od of sedi- 
ment (in refri- 
gerator) be- 
fore examin- 
ation 

Result of 
inoculation 

Clinical type 
of experimen- 
tal disease 

Pathologi- 
co-anatomi- 
cal lesions 

11/10 39 

During epide- 
mic 

2 months 

positive 

Manifest 

Cerebrospi- 
nal type 

15/2 40 

3 months after 
cessation of 
epidemic 

3 months 

positive 

Abortive 

Meningo-ccre- 

bro-pontiuo- 

mcdullary 

type 

18/8 40 

Omontli-saflcr 
cessation of 
epidemic. 

2 months 

negative 




But in addition to Uiis we have seen that Ibis strain has also 
given rise to abortive forms of disease (mon paralytic*) according 
to Sabin and Ward’s nomcnclalure) which fact seems to he due 
to a decrease in the virulence of ilie strain — a plienomenon 
which we have noticed repeatedly in regard to our typical strains of 
poliomyelitis virus isolated since the summer of 1936, and which 
we have placed on a level with the attenuation of tlie infective 
poAver of the rabies virus observed by Pasteur in his classical experi- 
ments on monkeys. We have in the preceding also quoted an 
example of how a poliomyelitic strain at its first isolation from a 
stool-specimen manifested a relatively high degree of pathogeni- 
city, but at the second recovery from the same test-material after 
the continued storage under ether had been so reduced in its activity 
that it was merely able to induce an abortive infection (rcvcalable by 
the histological examination). 

In the light of the experimental observations, quoted above, wo 
consider that we have sufficiently cstabli.shcd — if also only in an 
indirect manner — that Stockholm sewage even at the second test, 
undertaken three months after the cessation of the epidemic, har- 
boured the virus of poliomyelitis. But during the time elapsed since 
the moment of the first test the virulence of this agent seems to 
have been so reduced that its effect on the monkey was confined to 
the occurrence of the abortive type of infection with lesions limited 
to the upper regions of the neuraxis. 







242 C. KLING, G. OLIK, J. fAhRAEUS and g. NORUN. 

One asks of course: Has it been a lucky chance that brought 
about our success rn demonstrating the presence of poliomyemh 
irus m Stockholm sewage, or have we with this finding illumLted 
a regnlarly recurring phenomenon? To judge from our own inves- 
tigations and those of the New Haven investigators one might be 
entitled to conclude that it is the latter alternative which corres- 
ponds to the reality. We ourselves had on two different test occa- 
sions, with 4 months intervals, been able to demonstrate the virus 
content of sew-age. "WTien the American experimentors during epide- 
mics in tw'o localities "were in search of the virus in sew'age they 
found it at t'wo different sites of the sewers selected for the sampling, 
and disclosed it there on four different occasions (once at Char- 
leslonc and three times at Deiroif). On examining a specimen of 
sewage from a third place (Buffalo), where an epidemic was pre- 
vailing, collected at such a point of the city sewers that it re- 
presented a more or less restricted area, »island communityi) — 
with a population of about 750, and witliin which three cases of 
poliomyelitis had occurred — the monkey inoculated displayed after 
16 days’ incubation a clinical picture of poliomyelitis, w^hich in the 
histological examination proved to be due to typical poliomyelitic 
lesions. Repeated attempts to transfer this disease to other mon- 
keys failed, how'ever, for which reason, even if with a certain amount 
of hesitation — especially in one of their first publications — this 
result of inoculation was interpreted as negative. ^ 

The positive test results registered at Charlestone and Detroit 
have this in common that the samples of sewage were taken in 
immediate conjunction with, or in close vicinity to isolation hospitals 
where poliomyelitis patients were admitted. For that reason it was 


1 According to our by no means small experience this judgment seems to 
bear the impress of far too great circumspection. Even typical strains of virus 
isolated from human poliomyelitic material may possess such a low virulence 
that they could not, or only with great difficulty, be passed on to subsequent 
monkeys. Here is an exemplification of this phenomenon. Of 8 typical strains o 
virus (belonging to our Jamtland material from the epidemic of 1938) isolated 
from fatal cases of poliomyelitis, the passage failed twice. During the epidemic 
of infantile paralysis in Stoclcholm in the summer and autumn of 1939, we 
recovered 7 typical strains with the use of stools derived from paralytic cases 
of poliomyelitis as inoculation material. With two of these strains we ® 
to reproduce the infection in new monkeys. As the clinical synuptoms ^ ® 
changes in the neuraxis of these animals were fully characteristic in the sai 
cases, and as no other infectious agent than poliomj’^elitis virus is known o 
possess these properties (spontaneous infection being a very rare phenome- 
non in the monkey, it might without any further ado be excluded) we did no 
hesitate to consider also these inoculation results as positive. 
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possible that these individuals constituted the source for the in- 
fectious agent isolated from the specimens of sewage collected — 
which also the authors for special reasons reckoned with. ^Vllether 
the same has been the case with the samples of sewage obtained and 
pooled from the sisland community*, cannot with certainty be 
gathered from the account published. 

We have been desirous of pointing out this because these expe- 
rimental observations — at least in so far as those made at Char- 
lestone and Detroit are concerned — in epidemiological respects 
differ essentially from the Stockholm finding. The samples of sewage 
carrying poliomyelitis virus taken during the Stockholm epidemic 
respectively after its cessation, Avere derived from a drainage area 
which /jcrd no communication with the sewer from the isolation hospital. 
In a later paper VTitten after our first note, Paul and Trask 
however, mentioned briefly a fresh experimental observation, made 
during a poliomyelitis epidemic raging in New York City in the 
summer of 1940, and which to some extent seems to correspond to 
the Swedish one. On testing a specimen of sewage collected from a 
large scAver of the city Avhich very likely did not directly emanate 
from any Avard Avhere poliomyelitis patients Avere under treatment 
(»not in the vicinity of an isolation hospital, although cases of polio- 
myelitis Avere present Avilhin the areas this sewer drained*), the 
poIiom 5 ’'elitis \drus could be isolated also from this scAvage. 

From the obserAmtions noAv made in several places it seems to be 
obvious that it is relaliAmly easy, Avhile an epidemic of infantile 
paralysis is prevalent in a district, to isolate the agent of the disease 
from its sewage. Of a certainty the experience Avill, Avhen there has 
been time for investigations on a larger scale, be the one indicated 
here. It seems considerably easier to establish the presence of polio- 
myelitis Aurus in seAvage than to rccoAmr the ordinary^ pathogenic 
intestinal bacteria from the same medium. Upon Avhat the cause of 
this difference depends, avc arc as j’^et in ignorance. But it is clear 
that the virus of poliomyelitis must exist in the vehicle here con- 
cerned in ver}’’ large quantities, inasmuch as one succeeds in reveal- 
ing its appearence by AA^ay of the usual experimental test — as avc 
have pointed out in the preceding about 3 million doses infective for 
the monkey should have passed through the Norrmalm scAver during 


^ Paul and Trask, oTlic virus of polioniyclitis 
Amer. Med. Ass., 1941, IIG, 493. 


in stools and scAvage. Journ. of 
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Wy-four hours wheu the first specimeu of sewage was collecled 
We have m the preceding discussed different possibilities as an 
explication for the massive presence of poliomyelitis virus in sew- 
age, and found it most plausible that a multiplication of the same 
has taken place. How one is to think of the conditions for this 
multiplicationj we shall revert to in the ensuing. 


By establishing in various quarters that sewage may harbour 
poliomyelitis virus, the similarity in principle between infantile 
paralysis and certain bacterial diseases of the intestines, such as, by 
way of example, typhoid, paratyphoid, dysentery and cholera, has 
become still more striking. The same as in the said infectious dise- 
ases, the causal factor in poliomyelitis can via the stools be discharg- 
ed into the server system of the district, and thence carried farther 
to water-ways with which human beings are in more or less close 
contact. The conception of poliomyelitis as an alimentary infection 
has with these new gains of poliomyelitis research found further 
and powerful support — an opinion which by one of us (IHing) has 
been vindicated since 1928, based upon clinical, epidemiological 
and experimental observations. 

In connexion with his studies, carried out at the request of the Hygienic 
Section of the League of Nations, of the epidemics of infantile paralysis 
in Saxony and Roumania during the year 1927, combined with a compara- 
tive retrospective critical examination of the previous severe epidemics in 
Sweden during the years 1905, 1911, 1912, and 1913, Kling effected a revi- 
sion of the experimental results reported by Pettersson, Kling and Wern- 
stedt 1, as well as by Levaditi and Kling 2 inj regard to the presence of 
poliomyelitis virus in the human pharyngeal secretions and in the intestinal 
contents. In this revision, based inter alia upon renewed examination 
of the old histopathological material, which is still in existence at 
our institution, ® all doubtful results of inoculation (experimen- 
tal animals with so-called »degenerative» changes) were excluded and 
only such indubitable result were counted, as had become apparent 
from the fact that the experimental animals had displayed typical symp- 
toms of poliomyelitis and that the histological examination had disclosed 
typical lesions (the presence of the ordinary perivascular and focal cellu- 

1 Kling, Pettersson and Wernstedt, oinvestigations on Epidemic infantile 
paralysis». Rep. f. State Med. Inst, of Sweden to the International 
of Hygiene and Demography, Washington 1912, Nordiska Bokliandein, Stoc' 
holm. 

- Kling et Levaditi, Annales Inst. Pasteur, 1913, 27 . 

3 See Kling, Bull. Office Int. d’Hyg. publ. 1928, 22 , 1779 and Act. boc. 
Medic. Suecanae, 1929, S5 (with ail details of the investigation). 
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lar inriUralions in the grey mailer of llie spinal cord, as well os the 
characlerislic ncnronopliagia) — in some cases verified by positive 
passages. From the summary madosubsequonlly it was seen that the polio- 
inyclilis virus iiad been delected 2 — 3 liitivs as oftsii ift tha ititcslitial 
content (8 positive tests out of liS cases examined) os i/i pharyngeal secre- 
tion (0 positive tests out of HO cases c.vainined). It was inter alia by reason 
of Ibis critical examination of the original experimental material that Kling 
drew the conclusion that the entire digestive tract (including the pharynx) 
represents the locality where the agent of the disea-se primarily attacks llie 
organism, and that the intestine constitutes the most important organ of 
e.xcretion. He considered, therefore, that he had reason to fit poliomyelitis 
into the group of intestinal diseases. 

It has seemed to us necessary once more to emphasi7.e the deletion made 
by Kling in 1923 of all uncertain c;ises from the results of experiments 
reported in 1911 — 1913, which sundry investigators into poliomyelitis in 
the U. S. A. — yet not all — seem to be ignorant of. This holds good, inter 
alia, of Sabin and Ward, to judge from their recently published work. ^ 
Those authors have during the year I9t0 undertaken — ^vitU a rational 
exploitation of a limited material derived from necropsies and with the use 
of those methods which are now available — to try by new experiments to 
arrive at full clarity of the distribution of the imliomyelitis virus within the 
human organism. Hy testing the specific activity of various organs it was 
possible to demonstrate the presence of virus, a))arl from the neuraxis, also 
on the pharyngeal mucosa, in the walls of Iho digestive tract at different 
points and in the intestinal content (in all cases examined). On the con- 
trary, tlio tests for the causal factor in the nasal mucosa, in the olfactory 
bulbs and in the anterior perforated substance gave negative results. The 
pattern of the distribution of the virus in human poliomyelitis so established 
thus indicates, according to the opinion of these experimenlors, the ali- 
mentary tract as portal of entry. The gastro-cnteric theory had with these 
findings obtained important support. That Sabin and Ward have very 
incompletely penetrated the work of their predecessors, is apparent in their 
comments on the previous .Swedish results of research. For they stale on 
page 790; »IIowcver, the clues contained in the work of Kling, Wernstedt 
and Pettersson were not pursued and remained dormant for a quarter of a 
century chiefly because in their subsequent work on intestinal contents and 
naso-pharyngeal washings from patients and contacts it became apparent 
that they often employed criteria for the presence of virus which were 
found not to be accc])table.» The same lack of knowledge of the experi- 
mental details they also manifest in their judgment of Kling, Olin and 
Card’s find of poliomyelitis virus in certain lymph nodes <• — a find 
of great importance for the question concerning the pathogenesis of polio- 
myelitis, 1 . e. the spread of the virus from the portal of entry — the wails 
of the digesti ve tract — to the site of predilection, the grey matter of the 


of History of Human Poliomyelitis., Journal 

- Kling, Oliu and Card, C. R. Seances Soc. Diol., 1938, 123, -lai. 
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spinal cord. We shall revert explicitly to this question in anothpr 
nexion, but wish nevertheless already here to Siphasize rat i T' 
positive results with lymph nodes, which Sabin and Ward are Lmml 1™ 
were based upon ohservalions of experimental poliomyelitis with iS 
symptoms and typicf Issions, and which could be transmitted in serf 
passages. We are, therefore, convinced that since Sabin and Ward should 
have acquired further experience in this respect, they will, similarly with u. 
be able to demonstrate the virulence of the lymph nodes in question 
(whether as an expression for centripetal dissemination of virus from the 
portals of entry via the lymphatic paths or as an expression for a genera- 
lised lymph node infection, we do not wish to say). 

The experimental investigations carried out by Kfing. Levaditi and 

Lepine in co-operation with Hornus ^ during the years 1929 1934 

establishing that it is possible via the digestive tract to infect Macacus 
cijnomalgus with poliomyelitis (by administering a virulent suspension of 
spinal cord, by artificially contaminated food, such as water, potatoes, bana- 
nas, butter) have been confirmed through recent experiments by Trask, 
Vignac and Paul ^ by Burnet, Jackson and Robertson ^ as well as by 
Howe and Bodian *. 


That it took more than a quarter of a century before the gasiro-intes- 
tinal theory was able to penetrate, and has now begun to be accepted also 
by leading experimenters in the U. S. A., is very likely, in our opinion, due 
not so much to certain deficiencies in the earliest Swedish researches — 
as Sabin and Ward are trying to make it appear probable — but rather to 
the circumstance that one of the foremost poliomjmlitis investigators, 
Simon Flexner, ever since the beginning of the experimental studies on in- 
fantile paralysis, has so one-sidedly maintained the role of the nasal mucosa 
as the portal of entry for the infection, and that he has obtained so many 
adepts both in his own country and elsewhere. As late as the year 1936 he 
relates in his publication sRespiratory versus gastro-intestinal infection 
in poIiomyelitis» about new experiments carried out by him, which were 
directly induced through the investigations by Kling, Levaditi and Lepine, 
mentioned here before, and which seemed to him to supply further proofs 
for his »respiratory» theory, while in regard to the gastro-intestinal hypothe- 
sis he expresses himself in the following manner: »The gut is not a favour- 
able locus for the virus. Under the circumstances it is not, therefore, among 
other things probable, as Kling and Levaditi would have it, that, virus 
escaping from the intestine may contaminate potable water supplies, be 
thus widely distributed, and result in water-borne epidemics of poliomye 


1 Kling, Levaditi et Lepine, Bull, de I'Acad. de iMed., 1929, 102, 158. 

Kling Levaditi et Lepine, (en collaboration avec M. T. Ekblom), Bull, ae 
I’Acad. de M6d., 1931, 106, 245. 

Levaditi, Kling et Hornus, C. R. Seances, Soc. Biol., 1933, 112 , 46 . 

Kling, Levaditi et Hornus, Bull, de I’Acad. de Med., 1934, 111, 70. 

- Trask, Vignac and Paul, Joum. Amer. Med. Ass., 1938, 111, 6. 

3 Burnet, Jackson and Robertson, Austr. Journ. Exp. Biol, and Mea. ^c., 
1939 17 375. 

^ Howe and Bodian, Proc. Soc. Exp. Biol, and Med., 1940, 43, 718. 
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^ It was not to lake many years after tliose words had been pro- 
nounced before — IhrouKli American and Swcdisli researclies — il was made 
dear, that sewage during epidemics of poliomyelitis can harbour the 
ctiologic agent, a medium whence water used for drinking purposes, can 
easily be contaminated. 

From our tests with Stockliolm sewage it has been made mani- 
fest (see tabic 2) that poliomyelitis virus under experimental con- 
ditions can retain its virulence for a period of at least 2 — 3 months 
at a temperature of + 4° C. This observation seems to us to pre- 
sent a no small epidemiological and hygienic interest. 

Accorchng to information gathered from expert quarters the 
mean temperature for Stockholm sewage varies during the spring, 
summer and autumn months (May — September) beUvecn 13 and 
23° C, during the winter months (October — ^April) it keeps in the 
daytime at about -f 10° C and during the night at between -f 6 to 
7° C. Wc know through experimental observations made by Kling, 
Levaditi and Lepine " that poliomyelitis virus keeps alive in 
drinking water from public supplies at least 114 days at laboratory 
temperature. Wc have, therefore, every reason to assume that this 
infectious agent both during its stay in the sew'er and after getting 
into the recipient and its effluences of different lands can retain 
its vitality and its pathogenicity for some considerable time — if the 
sewage has not undergone the necessary disinfection before that 
time. Unfortunately, it is not customary for such hygienic measu- 
res to be adopted. In many places in our rural districts and in our 
smaller urban communities the sewage is allow^ed without any 
further ado to empty into the recipient on tlic socalled perpendicu- 
lar system — our country is certainly not alone in offending in this 
way. Hence the serious consequence that during those periods 
when infantile paralysis is epidemical, we have to reckon with the 
sewage as an important source of infection, from which the disease can 
spread over vast areas. 

In the work quoted in the preceding Kling set forth epidemiolo- 
gical observations from the three countries mentioned, shoYving that 
the epidemic outbrealcs of poliomyelitis without exception occur in 
the vicinity of wnter systems (rivers, brooks, lakes, sea) and that in 
countries such as Roumania and Sw^eden, w^here from a demo- 

1 FJexner, Journ. Exp. Med., 1936, 63 , 224. 

' Loc. cit. 
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graphic point of view one can draw a distinct line between rural 
and urban settlement, the country people are more attacked bv 
the disease than the urban population ~ a phenomenon which was 
placed in connexion with .the poorer-water hygiene existing in the 
rural areas. Khng concluded that »sans eau aucune formation de 
foyers poliomyelitiques)) and ))que I’eau constitue un vehicule im- 
portant de germe poliomyelitique et qu’elle joue un role de premier 
ordxe pour la transmission de la maladie)>. Infantile paralysis is, in 
other words, according to this conception to be brought into the 
group of infectious diseases which have their origin in polluted 
water and which the Anglo-Saxons term ))water-borne diseases*, 
and the French wmaladies hydriqueso. It goes ^vithout saying, that 


this water-theory through the discoveries now made in respect 
of the presence of the poliomyelitis virus in sewage, has gained very 
strong support, which also seems to be Levaditi’s opinion. ^ 
Poliomyelitis research has now at long last — though it has 
taken more than three decades — got so far, that we may say that 
we have now a good knowledge of two links in the mechanism of 
transmission, viz. the human individuals suffering from poliomye- 
litis or ))inapparently)) infected persons, from whom the virus, in the 
first instance via the stools is eliminated; we know also the vehicle 


where the infectious agent, while the epidemic is going on and for 
some time after its end, dwells, i. e. the sewage. It remains now for 
this research to try to clear up more particularly also the other 
links in the chain of transmission. We are already able analogously 
to draw some conclusions. The mode of transmission of the bacte- 
rial intestinal diseases lead our thoughts to water-supplies and to 
infected food polluted by the virus of poliomyelitis. Our institu- 
tion has been trying for several years with the same starting points 
— though not so fixed and sure as with our present knowledge 
to illuminate the role of the said vehicles as virus carriers. As 
regards the importance of the water as a carrier, certain preliminary 
results have already been published ®, and a detailed account 
of the same will be supplied at the earliest possible opportunity. 
Even in so far as concerns the possibility of food being able to play 
the same part, there was at our institution during the year 1939 


1 See Bull. Acad. Medecine, 1940, 123, 337. 

2 C. Kling, i>In Search of Poliomyelitis Virus in 
Nordisk Medicin 1941, 25, 1954. 

® R. Spaak, Ibidem, 25 , 1952. 


Drinking Water, Loc. cit. and 
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made an epidemiological and experimental observation of the 
greatest interest, viz. regarding butter. ^ This observation, which 
constitutes very instructive evidence of the role of sewage for 
the dissemination of poliomyelitis virus, will likewise be submitted 
in detail. 

The prophylaxis of infantile paralysis has as a matter of course 
through the experimental progress of late years assumed a new and 
more hopeful aspect. The guardians of hygiene have in regard to this 
prophylaxis still quite a good deal of work to do, but there is no 
reason to enter here into details. Nevertheless, we wish to state, 
that recent observations from our own country have been commu- 
nicated, showing that persons busy Avith pudrctle-work, or children 
Avhose fathers ha\’’e been Avorking AA'ith scAvage installations, have 
been attacked by poliomyelitis. It is, of course, quite natural — 
CA'en if not experimentally established — to try to search for the 
source of infection of these cases of sicknc.ss in scAvage contaminated 
Avith poliomyelitis virus. 

^ N. 0. Heinertz, Ibidem, 2S, 1953. 
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Poliomyelitis Virus. 

By 

C. KLING, G. OLIN, J. FAHRAEUS and G. NORLIN. 
(Submitted for publication April 15, 1942). 


Part II. 

Studies on the Conditions of Life of Poliomyelitis Virus outside ihe 

Human Organism. 

From the preceding it seems to be obvious that the presence of 
the poliomyelitis virus during an epidemic can without any great 
difficulty be demonstrated in sewage — an observation which in 
our opinion indicates a massive, if also temporary, occurrence of this 
agent in the said medium. Our epidemiological observations, made 
in connexion with the establishment of the virus content of Stock- 
holm sewage in the autumn of 1939, gave us cause to assume that 
the virus, after leaving the human organism and passing into the 
sewage, afterwards in some way or other has undergone a multi- 
plication. But this process of life can only be realised by the presence 
of an organism, in which this infectious agent, being of an ultra 
virus nature, finds good conditions for its growth. Vdiere is one 
now to look for this vector, and of what kind is it? Does it live 
above the surface of the sewmge or is it perhaps to be found within this 
vehicle itself? 

When Levaditi became acquainted with our find of poliomyeli- 
tis virus in Stockholm sewage, and commented upon it in Academie 
de Medecine \ he put forward the suggestion that there must he 


^ Loc. citat. 
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some »animal vecteur» as au intervening party and queried the 
possibility of sewer rats being able to play such a role. This idea 
may, of course, appear plausible if one considers the extraordinary 
abundance of rats prevailing in certain parts of the Paris sewers. 
One of the characteristics of the main sewers of this metropolis is, 
as is known, that they represent an open system, on the banks of 
which the rats find excellent conditions of existence. We proceeded 
at once to an examination of this idea. Our experts rejected it with- 
out hesitation — at least in so far as (he Stockholm sewer system 
is concerned. Within the drainage areas of the city — i. c. also where 
we collected the specimen of sewage harbouring the poliomyelitis 
virus — the sewers are composed of a system of closed drains. Here 
the rat has certainly no prospects of existence, still less of propa- 
gating. 

We investigated thereafter another possibility. May there be 
some insect which has its existence as imago above the surface of the 
sewage, and whose other links in the cycle of development proceed 
within this medium? One of our foremost entomologists (Professor 
Lundblad) was asked on this subject. We received the answer that 
the idea of a vector of this kind was very little probable. These 
arthropodcs certainly very unwillingly, if ever, look for such a 
vehicle as sewage when they arc about to lay their eggs. 

For those reasons we were obliged to devote our attention to the 
sewage itself. For here micro-organisms of all kinds abound — 
unfortunately far too many, one is tempted to say, so that in the 
search for and capture of the hypothetical intermediary host one 
can have any hopes of gaining .speedy results. 

For about one year we have been bu.sy on these investigations. 
Even if the problem in question to start with seemed to have been 
simplified to some extent, inasmuch as the search aimed at certain 
definite vehicles, viz. sewage, as well as those water-supplies of diffe- 
rent kinds which may be polluted by such a fluid, it was yet soon 
clear to us that, as has just been suggested, wc were nevertheless 
faced by a difficult task. The organisms which have their existence 
in these vehicles and whose character as vectors had to be consi- 
dered, are in fact extremely numerous and represented by both 
animal and vegetable beings (zoo- and phytoplankton). We were, 
therefore, soon forced, as wc shall sec in the ensuing, to pursue a 
more rational line. 
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Our researches in this domain arc as yet only in the very beoi^^, 
ing, and we are only able here to give a fcAv preliminary results 
achieved. On studying this problem one must, of course, reckon 
with experiments on animals. Under the pressure of the prevailino 
international situation our possibilities to procure the necessary 
test-animals — monkeys — arc extremely limited. With the pur- 
pose to try to interest experimenters, who are better situated than 
we in this respect, for searching for the vector of poliomyelitis, ve 
take the liberty to sketch here briefly the working project which 
we are trying to pursue at present. 

The vector of poliomyelitis — if now' such an one really exists ~ 
should, we reasoned, be most easily found in the vehicle by means 
of which the virus, from what w'c know' now, mostly leaves the in- 
fected individual. In the fecal matter the different kinds of accom- 
panying micro-organisms ought to be less numerous than in the 
medium that is suspected as a source of infection, i. e. the water- 
supply carrying the hy'pothetic vector, as also in the recipient, 
whore the former might enter W'ith the poliomyelitic stools — the 
sewage — and this in all probability as the result of the destructive 
action of the acid gastric juices. Itseemedto us, therefore, indicated 
to begin w'ith a comparative morphological study of those micro- 
organisms that exist in the said media. Perhaps w'ew'ould through 
such a study find something common to these, W'hich might give 
us a clue to further proceeding in these researches. 

At first w'e tried by direct examination — in the darkground- 
microscope — to discover something distinctive for the infected 
media but we w'erc soon convinced, that this w'as no practicable 
way, particularly not in regard to intestinal contents. It became in- 
stead clear, that the best procedure for our purpose ought to be the 

culture method — this, of course, on the presumable concUton that 
the assumed vector w'as cultivable. As wm first of all had some one 
of the w'ater protozoa in our minds, it w'as a matter to select a techni- 
que W'hich w'ould be serviceable for the cultivation of these orga- 
nisms. As usable for these researches w'e found the method described 
by Glaser and Coria^ in 1935, and intended specially for the culti- 
vation of protozoa in a pure condition. 

^ Glaser and Coria: »The culture and reactions of purified protozoan 
American Journ. of Hygiene 1935, Zl, 111. 
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We therefore made use of Glaser and Coria’s medium, according lo the 
instructions containing liorse-blood serum and infusion on hay (timolhy- 
hav) in certain proportions, with well-water as a diluent, and with an admix- 
ture of a minimal quantity of ycast-cxtract , as a stimulant for the growth of 
protozoa. As to the quantitative composition of the medium, werefer to the 
authors’ publication. Some minor modifications regarding the diluent and 
admixture of yeast have, however, been made by us. 

Instead of well-water we have been using filtered and sterilized lalce- 
water (from Lake iMaelar). 

In the preparation of the growth-promoting yeast component we pro- 
ceeded in the following manner: 100 g baker’s yeast, stirred in a small 
quantity of distilled water, is ground intensively in a largish mortar (during 
1 hour)] by wliich means a finely distributed susjiension is obtained. Dilu- 
tion of the susjiension by means of distilled wafer to 1000 cm=’. Strong 
centrifugation for hour. The faintly opalescent sujicrnatant yeast sus- 
pension is pipetted off and is now ready for use (for our purpose filtration 
unnecessary and unsuitable, as is also sterilisation, which accoiding lo 
Glaser’s and Coria’s experience destroys some or all the stimulating factois). 

If the protozoa only sjiarsely occur in the tesl-malerial, it is nalurally 
of advantage to issue from as large quantities of the same as jiossible. 
tVe have, therefore, for our cultures used large aquarium vo.'se].=, which 
easily hold the different components — altogether a quantity of 3325 cm®. 
For covering the aquaria have been used as lids so-called jdiotografdiic 
bowls, which prevent contamination from the air and permit the conveni- 
ent insufflation of air into the culture medium under the ordinary precau- 
tions for sterility. ^ 

In the cultivation of sewnye and water samples 3000 cm® have been 
taken as starting material. An admixture of 300 cm® of the medium (Glaser’s 
and Coria’s »final medium))) as well as 25 cm® of the yeast .suspension. 

When it has been a case of cultivating fecal matter, the procedure has 
been this: Stools from the respeclive individuals have as a lule been obtain- 
ed through a clyster (with sterilized city laji-water). If the fecal .suspen- 
sion is just about the right thickness, wliich is eslimatcd by a comparison 
with a 5 % standardised fecal suspension, it is used as such; if it is too thick, 
dilution with sterile water is necessary. 300 cm® of the focal suspension 
(containing about 15 g of the stool) is mixed with 2700 cm® of sterilized 
lake-water, 300 cm® medium and 25 cm® yeast susjiension. 

Adjustment of the reaction of the culture medium to pll 7.2 7.*j. 

The cultivation must proceed at room temiierature (it has varied be- 
tween 10—24° C) and in semi-darkness. Airing of tlie culture everv dav 
for about 8 hours. 

Examination of the culture in the dark-grouud-inicroscope after S re.s- 
jiectively 14 days. If no protozoa arc mot witli after the last-mentioned 


1 For airing we have made use of electrical air jmmps connected with a 

noT-* rt consisting alternately of metal and rubber, and lernii- 

nalmg m a finely protracted glass tube, which dips into the liquid. 
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period, passage of cultures (transfer from the primary culture of 300 cm® 
in a fresh medium of the same quantity and the same composition as the 
original one). 

Repeated examinations after 8 respectively 14 days. Delinite reading. 
Wlicn such has been considered desirable, the spositive.) cultures have been 
transfered to sub-cultures for further study of the morphology of the orga- 
nisms observed and for experimental purposes. 

In order to convince ourselves that no contamination by air has occured, 
and that no protozoa have developed out of the yeast suspension, every lime 
an initial culture was prepared or a subsequent transfer took place, one or 
more control aquaria were establisbcd, containing lake-water, medium and 
yeast suspension in the same quantities and proportions as the cultures 
inoculated. 

From this angle of view, wc have ever since the summer of 
1940 examined a large number of stools from typical and abortive 
cases of poliomijdilis (over 80). A few months earlier, in conjunc- 
tion with the virulence tests of the Stockholm sewage, wc began to 
search for the vector in this medium and likewise in drinking water 
which by respective medical men had been suspected as sources 
for cases of poliomyelitis. The Stockholm sewage has in this respect 
been tested on three separate occasions (11th October, 1939, 15th 
February, 1940 and 18th August, 1940). The samples of Avater test- 
ed amount at the moment of writing to nearly 40, covering differrent 
kinds of Avater — from aa-cIIs, from springs polluted by surface 
AA'ater, from brooks, riA^ers, seas, lakes. Besides, avc haAm for pur- 
poses of control tested drinking AA’ater obtained through filtration 
and chlorination of lake-AA-atcr or deriA’cd from ground-Avater avcHs. 
For judging the finds in poliomyelitic stools it is, of course, necessary 
to acquire a knoAA’ledge of the fauna and flora in samples of stools 
of another kind — a control material that must be sufficiently ex- 
tensive and comprehensive. Wc have also begun to procure such. 
So far, AVC have had occasion to inA^estigate cultures from 36 samples 
of stools derived from individuals Avith different diseases (scarlet- 
fever — in. a preponderating number — some odd cases of herpes 
zoster, epidemic cerebro,spinal meningitis and encephalitis) as Avell 

® During the summer and autumn of 1940 these specimens Avere diiefly 
obtained from the Isolation Hospitals at Linkoping, Soderktiping, Falun, 
Borlange and Yarberg; during the poliomyelitis epidemic of 1941 the stools were 
obtained from the Isolation Hospitals at Stockholm and Uppsala. 

AVe avail ourselves of this opportunity to express to the Head and the Sta 
of these hospitals our warmest gratitude. 
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as specimens from 10 healthy persons. The observations made 
up to date have been summarised in tlie annexed table (Table 1) 
Several details of interest can be gathered from this survey. 

If we tarry first at the findings of Schizomycetes noted in the bottom 
part of the table, Ave see that the five columns show quite a uniform appear- 
ance. In all these kinds of cultures one has been able to note bacteria of all 
sorts of types, together with spirillaceae and spirochaetes. We have 
not considered ourselves — at least not until all other possibilities 
have been exhausted — to have any reason to determine these micro- 
organisms, for suspicions are in the first instance not directed to one of 
these elements as acceptable vector for poliomyelitis virus. The various 
bacteriophages, by many regarded as ultravirus, are, it is true, parasitising 
on representatives within this class of living beings, but otherwise ve do 
not know any examples of Schizomycetes as host organisms for infectious 
agents. In order to find beings that play such a part one must go to tire 
animal world, and amongst the arthropodes one encounters in fact rmetors 
for several ultravirus diseases (yellow fever, dengue fever, virus infections in 
certain vegetables, to mention only a feAV examples now). We can thus for 
the time being leave the Schizomycetes aside. 

If we now go farther and turn to the protozoa observed in the different 
kinds of cultures, — in the table placed after Doflein’s system^ — we 
find at once a striking difference between the five columns: on the one 
hand, a great plenitude of species in regard to the water- and sewage- 
protozoa, a pronounced poverty of species, on the other hand, regarding the 
stool-protozoa. It is just Avhat we had a priori expected as a first result of the 
investigations. 

The cultures from the rvater-supplies and the sewage display mutually no 
closer deviations from one another in a qualitative respect. In the former, 
no fewer than 12 species of protozoa have been identified, 11 of them are 
also to be found in the latter. The species identified belong to the classes 
Mastigophora (orders Protomonadina and Polymastigina), Rhizopoda (order 
Amoebina) Ciliata (orders Holotricha, Oligotricha and Peritricha). In the 
cultures from water-supplies one finds furthermore no more closely differen- 
tiated genera belonging to the order Heliozoa. Since the specimens from 
water so far investigated are as many as 33, one can get a certain idea of the 
relative frequenej'^ of the species of protozoa most commonly observed in 
them. In the majority of these specimens we have found species of Bodo 
and Monas (in over 80 % of the cases). These organisms have also been 
-existing in the three sewage tests. 

What, finally, does the protozoological examination of the different stool 
specimens tell us, amongst which those derived from poliomyelitis cases m 
the first instance is of interest? As the table indicates, only two, respectively 
three, genera of protozoa could be identified in them. In poliomyelitic stools 

^ Doflein und Reichenow: »Lehrbuch der Protozoenkunde#, Gustav Fischer, 
Jena 1928, p. 443. 
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have been encountered genera of Bodo, Monas and Amoeba, in the control 
stools (from other diseases and from healtiiy individuals) only .the two 
first-mentioned. To the absence of amoeba in these two last-mentioned ca- 
tegories of stools can hardly be attributed any importance. That we have 
so far been unable to observe them here is very likely mainly to be consider- 
ed as temporary, probably due to the comparatively small extent of this 
test material. The cause may be one or the other, the fact is that Amoeba 
coli, e. g. not rarely has been diagnosed in human stools. A future exten- 
sion of the control material will surely lead to an elimination of the afores- 
aid deviation. 

Already now we have got so far in the analysis of our protozoa 
findings, that we are able to discern the common feature of the three 
different kinds of cultures. For facilitating and prosecuting this 
comparative examination such forms of protozoa as are throughout 
found in the cultures in question, have been brought together 
within a rectangular figure. These figures are met with — as we are 
at once able to establish — around the genera Bodo, Monas and 
Amoeba. On the conjectured condition that poliomyelitis virus 
lives and multiplies within either one of these protozoa, it is a 
matter of making a selection between them. Which is the guilty 
one, or cautiously expressed, the most suspect? Is it the genus 
Bodo, Monas or Amoeba? A determination of their mutual fre- 
quency should, it seems to us, in this be able to act as a guide. As 
we have at disposal quite a large number of examined specimens 
of stools from cases of poliomyelitis, we consider ourselves entitled 
to make such a frequency calculation. It is the genus Bodo which 
in incomparably the most common. If one reckons with the total 
material (specimens of stools collected in both early and late stages 
of the disease) it is found that it occurred in 51 % of the cases 
examined, Monas and Amoeba, on the other hand, more seldom 
(in 14 respectively 15 %). To judge from our latest experience, the 
genus Bodo is a still more common intestinal parasit during the 
earliest stages of poliomyelitis, (as also under certain circumstan- 
ces in other diseases). In 30 specimens of stools from cases of polio- 
myelitis examined during the period July to September, 1941, and 
collected, the vast majority, during the first days of the disease 
(from patients treated at the Isolation Hospital at Stockholm res- 
pectively Uppsala) Bodo was diagnosed in no fcAver than 73 %, 
Monas and Amoeba only in 3.3 % of the cases examined. 
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If Bodo occurs during the early stage of poliomyelitis in high 
frequency, it seems, on the other hand, to disappear more or less 
rapidly from the stool. We have not as yet had an opportunity in 
this respect to make any more thorough investigations, but are 
already now able to state some interesting figures. 13 specimens of 
stools containing Bodo were examined afresh after a shorter or 
longer period. 10 of these specimens were elearly megativei) after 
27 — 29 days; only in three specimens it still existed (after respec- 
tively 37, 54 and 55 days). We wish in this connexion to recall that 
we have been able to demonstrate the presence of poliomyelitis 
virus in the stools of human beings much more frequently during the 
first week of the disease than during the later stages of the same 
(see above). Is the parallel drawn up here merely an expression of an 
accident or does there perhaps exist a causal connexion? With 
this we have entered upon the question of the part played by Bodo 
as a possible intermediary host for the poliomyehtic infection. 

It may be opportune to begin with the objections that may be 
raised to this idea. If these were to prove to be far too onerous, 
it would, of course, be meaningless to deal further with the same. 
The protozoon here in question is present, as we have seen, not 
only in poliomyelitis, but also in other diseases, aye, even in healthy 
individuals. This fact seems also — with superficial observance — 
to be of a nature to cause hesitation. But let us ponder a little more 
closely the assumption. 

Everything indicates — both epidemiologically and experi- 
mentally — that water-supplies of various kinds constitute impor- 
tant sources for the poliom3’'elitic infection. It is nevertheless gene- 
rally only exceptional that these vehicles are contaminated with 
poliomyelitis virus. During the extensive spread of the disease, in 
which the infected sewer plays a great part, the condition becomes, 
on the other hand, a different one; more and more effluences may in 
this case become contaminated. Even under the said conditions 
there are, however, major or minor parts of the country where the 
water, on account of special hydrographic circumstances, remains 
free from the causative factor. But in spite of this it is not diffi- 
cult to encounter Bodo flagellates in such areas. These organisms 
are, of course, as protozoologists tell us, generally occurring m 
polluted water, whence they easily enter the alimentary canal. 
Is it, therefore, inconceivable that there exist species of Bodo that 
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art- inicckd with poliomyelitis virus, and also that there are such 
— and this in such events the most common ones — tliat arc 
free from tliis infection? In our opinion there is nothing unreason- 
ahle in such a hypothesis. On the contrary', animal pathology pre- 
.senls sundry oNamplcs of such an uneven distribution of infected 
vectors. We need only remember some diseases in human beings, 
whose transmission lakes place tiirough the intermediary of blood- 
suckini’ insects, such ns malaria, plague and yelloAv fever. The vec- 
toi-s of these diseases arc widely di-sseminated, but it is mostly only 
a snmll percentage, of them that arc infected. In our country there 
is at ])rosenl ])rcvailing Anophelism wilhonl malaria. 

Protozooiosists toll us ti\at the genus Bodo embraces a targe number 
of sjiocies, which only with difficulty can be dislingiiif lied from one another. 
From 1 1 si)ecimons of poliomyelitic stools there has in cultivation grown 
a species of Bodo, which in size, internal striieluro, arrangement of flagella 
and type of movement Itost coincides with Bodo caudalus Dujaj’ic. In only 
one stool eulturc has been observed Bodo saltans, Ehrbg, and in two cul- 
tures of this kind both species were found in condnnalion (sec fig. 1). 
Out of (ho 33 specimens of water, Bodo caudalus has developed seven and 
Bodo saltans 5 limes; both species have been seen to occur side by side in 1 5 
ciiHiires. The Stocldiolm sewers .seem to harbour both species. Should the 
inve.stigation.s j)lanned (sec below) fully verify our a-ssumplion, that the 
protozoon in qiie.stion plays the rOlc of poliomyelitis vector, it would natur- 
ally become nece.s.sary to make a more Ihorougli study of its position witliin 
I he genu.'; Bodo, asalsoof ils biological conditions — wbicli uj) to the present 
known only incompletely. 

'I'liis is consequently a first stage of the investigations wliich wc 
have Iicgun of late for the purpose of finding the supposed vector 
of poliomyelitis. \\c have, both in. the source of infection (drinking- 
water of different kinds) and in the stools from individuals suffering 
from poliomyelitis as also in the recipient for the intestinal excre- 
tions (sewage), met Avith a protozoon, which might possibly play a 
part as such an intermediary host. It is now a matter of deciding 
whether this a.ssumption can have a satisfactory foundation or not 
What possibilities arc available, for us to solve this question? The 
animal e.\])erimen(al path seems open and clear. Here arc some 
hints of our prospective plan of work. 

7he /iorfo-organi.sms ob.ser\-ed can easily he cultivated in the 
medium employed by us and grow also in subcultures, at least 
up to a ccriain limit. But this cultivation has so far only been 
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successful in the presence of Schizomycetes. It is, therefore, proto- 
zoologically looked at, so-called mixed cultures that we have had 
in our hands. These cultures present certain analogies with sewage, 
in which occur zoo- and phytoplancton of various kinds, an.d during 
periods when poliomyelitis epidemics are prevailing, even the agent 
of this disease. The cultures here referred to can, therefore, be 
tested for their specific virulence in the same manner as when it is 
a matter of sewage. One might then, if a positive inoculation result 



Fig. 1. 

Bodo-organisms, observed in cultures obtained from poliomyelitic stools. 

A. Bodo caudalus Dujaric. 

B. Bodo sallans Erbg. 

were acliieved, proceed farther and, after isolating the various ele- 
ments developed in the culture, try to ascertain their poliomyelito- 
genic power. It is natural that for our own part in the first instance 
we devote our attention to the species of Bodo as being the most 
suspected in the collection. But it may also become necessary to 
make a general muster of all the elements in the cultures, before 
full clarity is obtained. In such case there is ahead a vast amount 
of arduous work, which one should, however, not shrink from, if 
one has in fact a safe starting point, i. e. a mixed culture that has 
proved to possess specific virulence. In these tests it should not be 
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lorootten that cxperimeRtal poliomyelitis, as we know now, can 
past off under abortive or, to use- another term, »non-paraIytic» 
forms Other possibilities to illuminate the problem l)y experiments 
on animals are also feasible. We refrain at present from dealing 
further with this matter but wish only to add that for testing our 
working hypothesis we have for some time been experimenting m 
the one direction and the other. 


Summary. 

I. In conjunction with an epidemic of infantile paralysis pre- 
vailing in Stockholm in the summei and autumn of 1939 the agent 
of the disease was searched for in the sewage of the city on three 
different occasions. 

In the first test was isolated from a specimen collected at the 
height of the epidemic a strain of poliomyelitis virus, which was 
able to produce in the monkey the paralytic poliomyelitis with 
typical and intense lesions present in different levels of the central 
nervous system, and which could be transferred in serial passages. 

Three months after the epidemic’s total cessation the poliomye- 
litis virus was detected in tlic same sewage, but this time with 
aiiemiaied virulence. 

In a third test, carried out 9 months after the end of the epide- 
mic — no case of the disease had in the interval been observed in the 
capital — the virus seems to have disappeared from the sewage, at 
least in a stage revealal)Ie by the ordinary tests. 

II. In studying the strains of poliomyelitis virus (YT 51 and VT 

57 B) isolated from the Stockholm sewage we have obtained fresh 
proofs of the fact that experimental poliomyelitis in the monkey 
can pass under abortive (»non-paralytic)>) forms disclosable first 
in the histological examination of the neuraxis. In accounting for 
these observations we have communicated some previous ones 
made. In spite of the absence of apparent symptoms of paralysis, 
one is able in such animals to reveal the presence of more or less pro- 
pagated poliomyelitic changes (cerebro-spinal or cercbro-medullary 
types with respectively without Uio, characteristic neuronophama 
in the grey matter of the spinal cord). "" 
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III. The observations made have shown that poliomyelitis 
virus can retain its virulence in sewage sediment, which has been 
stored at a temperature of + 4° C, for a term of a least 2 to 3 
months. 

It might, therefore, if regard is furthermore taken to other 
known facts, be permitted to conjecture that the infectious agent 
possesses considerable resistance even under natural conditions, 
both in the sewage itself and when issued into the recipient and its 
different outlets. The sewer itself must clearly be looked upon as an 
important source of infection, from which virus with retained 
pathogenicity can be moved for long distances. An important 
support for the conception of poliomyelitis as a »water-borne di- 
sease» has by this discovery been gained. 

IV. The knowledge of the presence of the etiologic factor in 
sewage is, of course, calculated to lead the prophylaxis against polio- 
myelitis into more rational paths. The champions of hygiene should 
with this have obtained better possibilities to be able to combat 
the disease more successfully. 

V. The experimental observations made in establishing the pre- 
sence of poliomyelitis virus in the Stockholm sewage hint at a 
massive infection of the same having existed. The epidemiological 
inquiry instituted in conjunction with them has been taken as the 
starting point for a discussion of the question relating to the origin 
of the specific agent revealed. Tavo alternative possibilities arc 
being ventilated. One possibility presupposes the presence of a 
considerable number of healthy virus carriers living within the drain- 
age area whence the infected sewage came. The other possibility 
reckons Avith a multiplication of the virus after it has been discharg- 
ed into the sewer by indiAuduals attacked by poliomyelitis. Epide- 
miological reasons seem to speak in favour of the latter possibility 
being much more probable. This conclusion issues from the indis- 
pensable assumption that there exists a living being, Avhich func- 
tions as a Amctor for the etiologic agent. The supposition has given 
rise to the inauguration of studies concerning the conditions of life 
of poliomyelitis virus outside the human organism. A first result of 
the investigation is given. By AA’ay of elimination these studies 
have been directed to the sewage itself as a vehicle for the hypothe- 
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tical organism. The source of infeciion (specimens of different 
kinds of water), stools from cases of poliomyelitis as well as the 
recipient for these human excretions (sewage) have been made the 
subject for comparative bio-morphological studies. Attention has 
in the course of these researches been directed to a protozoon (be- 
longing to the genus Bodo), towards which there had been cause 
to direct the suspicions as a possible vector. A programme for 
examining this working hypothesis lias been drawn up. 



Acta Medica Scandinavica. Vol. GXII, fasc. Ill 


—IV, 1942. 

{From the Lung Clinic at Lund (Sweden) (temporary Phj^sician-in-charge- 

Dr Erik von Rosen). 


intrathoracic hypernephroma metastases 
simulating primary pulmonary disease. 

Contribution to the differential diagnosis in cases of hilus 
lymphomas. Transpleural gland biopsy. 
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(Submitted for publication June 3, 1942). 


A malignant renal tumour usually announces itself by one or 
more of the symptoms which constitute the classic triad: hema- 
turia, pain and palpable tumour. It appears from several con- 
siderable collocations that hematuria, either by itself or associated 
with pain, is the initial symptom in more than half the cases. Pain 
conditioned renally is stated to be the first symptom in about 
one-third of all cases. Not infrequently the disease manifests itself 
for the first time as a palpable abdominal tumour; this occ urs on 
an average in somewhat more than 10 % of the cases published. 

There is also, however, a smaller group where the initial symp- 
tomatology of the renal tumour may present considerable diag- 
nostic difficulties for the clinician. This group comprises principally 
such cases as those in which the latent primary tumours make their 
first appearance with localised secondary symptoms from other 
organ systems. The pathological-anatomical basis for these atypi- 
cal manifestations is represented partly by a local propagation 
from tlie primary tumour, encroaching on the surrounding organs, 
partly by metastases. The majority of casuistics published contain 
observations of this kind. There are very different statements in 
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the literature as regards the frequency of malignant renal tumou 
with foreign organ disease as the first symptom. In general it is a 
matter of a small number per cent, but considerably higher figures 


have also been given. x 

It is an extremely varied clinical symptom picture that may 
arise on the basis of such secondary organ changes with an other- 
wise not manifest malignant renal tumour. 

By means of direct propagation of the primary' tumour to the 
organs which have a topographical relation to the kidneys, mani- 
festations are evoked from the colon, ventricle, jcjuno-ilcum, gall 

ducts and vena cava inferior system. 

In this connection the metastases and the apparently primary 
morbid pictures provoked by them arc of greater interest. When 
going through the relevant literature one finds that metastases may 
be deposited in practically all the organs of the body. The jilace of 
predilection is the skeleton system — a fact which, according to 
Ask-Upmark (1938), is possibly due to the property of the bone 
marroAv as the largest parenchymatous organ of the body with the 
relatively most pow’erful reception surface for a hematogenous 
metastatic dissemination. It is just the skeleton metastases that 
form the chief part of the group with secondary manifestations in 
the case of latent primar}' tumours. Thus, in that group a malignant 
renal tumour may make its first appearance under the picture of a 
bone sAvelling, giving the impression of being primary, a spontaneous 
fracture or a compression myelitis. 

The next most usual localisation of daughter tumours from 
malignant renal tumours is the lungs and their acbiex organs. 
Within these organs metastases make their appearance in the lung 
parenchyma, pleurae and the regionary lymphatic glands. The 
secondary tumours situated in the lung parenchyma not infre- 
quently remain clinically latent for long periods, and not until 
they begin to attack the pleural sac or the bronchi by means of 
further propagation do clinical manifestations of the changes appear. 
With a metastatic involvement of the regionarj^ lymphatic gland 
groups adjacent to the bronchial tube, the conditions for their 
compression are present with signs of bronchial stenosis as a result. 

lere is no clinical syniptomalology from the respiratory organs 
which IS specially characteristic of renal lumoiir melaslascs Per- 
sistent desire to eongh. Mood-tinged sputa, pains and .stitch, in the 
Acta mcd. scandinciv, VoL CXI I. 
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chest are the troubles in these cases. Neither do the changes present 
any characteristic picture from the roentgenological point of view 
well-delimited, discrete at first, but later confluent, ball-shaped 
infiltrations in the pulmonary areas, at times together wth mode- 
rately enlarged hilus glands. This picture is also met in the case 
of intrathoracic metastases from a number of different forms of 
tumour. 

Thus, although a relatively large number of the daughter 
tumours disseminated from the renal tumour are deposited in the 
lungs, it is very unusual for symptoms arising from these tumours 
to constitute the first sign of the primary tumour. This was the 
case, however, in the observation which forms the starting-point 
for the present paper. In the available literature on the subject 
only six similar observations are met wdth, of which 1 was published 
by Gottesman, Perla and Elson (1932), 1 by G. P. Muller (1934), 3 
by Creev}'- (1935), and 1 by Pendergrass and Hodes (1936). Creevy 
states, however, that he has observed a further 8 cases of this type, 
but gives no description of them. 

In comparison with the frequency of metastases to the skeleton 
system and lungs, this frequency is considerably less for the other 
organs. This applies also to the symptoms simulating primary organ 
diseases evoked by the metastases, which are of particular interest 
from the present point of view. There are casuistic reports of such 
symptoms from different organs, but — with the exception of the 
central nervous system — these are pure curiosities. 

In the group of cases vdth atypical manifestations with for the 
rest latent renal neoplasm sketched above is included finally a smal- 
ler series of observations where fever, emaciation, fatigue and 
other non-localised secondary symptoms are the only clinical sign 
of the presence of the tumour. 

In association with the preceding description of the atypical 
symptomatology in cases of malignant renal tumours, an account will 
first be given of a case of intrathoracic hypernephroma metastases 
simulating primary pulmonary disease. This case gave us great diag- 
nostic difficulties, and the patient died without the nature of the 
changes being identified. The connection with the clinically latent 
primary tumour was not discovered until the autopsy. 
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Fig. 1. 39-ycar-old woman. Cough for 3 months owing to intrathracic hyper- 
nephroma mctastascs from an otherwise latent primary tumour. 


The case-record at the Lung Clinic 55/1942. Mrs J. J . aged 39. 

Anamnesis. Nothing of interest hereditarily. No known exposure to 
the. Has always been healthy for the most part. The patient was the 
motlier of 4 children, of whom the youngest was 2 ^ months old when the 
patient ivas admitted. During the last pregnancy, at the fifth month, 
symptoms of catarrh of the bladder made their appearance, w-hich receded 
after treatment. In association with the catarrh of the bladder there was 
albumen in the urine. Some days after her delivery, a brief rise in tempe- 
rature Avas observed, Avhich persisted for about 24 hours. 

In September 1941, during the last month of pregnancy, the patient 
began to be troubled by an irritable cough with slight expectoration. For 
the rest felt rvell and Avas aide to look after her home. No trouble from 
the abdomen or urogenital organs. Occasionally had night SAveats but did 
not take her temperature. The desire to cough increased, and the jiatient 
began to lose AA'eighl. She therefore consulted a doctor, aa’Iio established 
morbid changes in the lungs and on 16lh December 1941 sent the patient 
to the Central Dispensary in Lund. Roentgen screening here (author) 
reA'ealed pronounced bilateral enlargement of the lulus glands Avith poly- 
cyclic lateral limits. AboAm the right hilus a rounded induration the size of a 
Avalnut, and basally on the right side a smaller, Avell-dcfined spot, Avhich, 
hoAvever, proved to correspond to the mamillo, Avere observed. In the left 
Ics II and III a couple of parenchymal changes the size of a couple of 
finger-tops were seen. The appearance is shoAvn by the attached roentgen 
picture (see fig. 1) taken at the Roentgen Diagnostic Department at Lund 
(Physician-in-charge; Dr H. Hellmer). 
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In view of the result of the examination, the patient was admitted to 
the Lung Clinic on IGth January 1942. 

Status on admission. Good general condition. No cyanosis or dyspnoea 
during rest. Normal heart findings. The physical lung examination reveal- 
ed no pathological conditions within the thorax, apart from occasional 
ronchi on both sides. No foreign resistance could be established on abdomi- 
nal palpation. Farthest up in the left axillary fossa a firm, non-tender, 
movable gland the size of a bean was felt, and in the right groin a similar 
gland, but for the rest the superficial lymphatic glands were without 
remark. 

At first the temperature was subfebrile but later rose with indicated 
periodicity on a couple of occasions When the patient was admitted, the 
sedimentation rate -was 48 mm/1 hr. and fell after 3 weeks to 36 mm. Blood 
pressure: 140/95 mm Hg. The number of wdiite blood corpuscles increased 
during the course of the illness from 10,700 to 19,200. The differential 
count showed an increase of the eosinophil elements, and their highest 
value was 12 %. There w'as further a relative lymphopenia with 9 % 
lymphocytes as the lo\vest value. 

In the sediment of urine there tvere no pathological constituents apart 
from occasional white' blood corpuscles. No albumen in the urine. 

A tuberculin test with Mantoux 0.01 mg gave a negative result, but the 
reaction was positive with 0.1 mg (15 x 20 mm). 

No tbc. bacilli could be proved either in direct preparations of the 
sputum or in guinea-pig tests with the gastric lavage fluid. 

The pathological-anatomical examination of a test excised inguinal gland 
gave no indications of a pathological process within the gland. 

Sputum tests w'ere examined for tumour cells, but without definite 
results. 

On admission, 1 month after the first examination, a clear progress 
of the changes both in the hilus glands and in the parenchyma was estab- 
lished on the roentgen picture. 

Course. During her stay in hospital the patient’s condition underwent a 
continuous disimprovement. In connection with a couple of periods of high 

fever, diffused cloud}’^ parenchyma] changes were observedroentgenologically 
within both lung areas, and at the same time physical signs of parenchymal 

infiltration appeared. The patient exhibited an increasing cyanosis and 
became dyspneic with sub finem stridulous respiration. The desire to cough 
increased gradually, and the expectoration became tinged with blood. 
The course was complicated by a thrombophlebitis in the region of the 
right knee with oedematous swelling of especially the right, but also of the 
left lower leg, indicating the engagement of the deep veins. During the 
last week the patient complained of weakness in the right hand and exhi- 
bited objectively a flaccid paresis in it. No other neurological symptoms 
were present. A further roentgen examination 3 days before mors revealed 
a further progress of the intrapulmonal changes (see fig. 2). The patient 
died on 16th February 1942. 
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Fig. 2. Same case 2 months later. 


Pathological-anatomical examination (Dr C. G. Ahlstrom) . 

Diagnosis; left-sided hypernephroma; metastases within the retro- 
peritoneal and mediastinal lymphatic glands and within the lymphatic 
glands at the lung hilus; multiple, more recent metastases within both 
lungs, especially the right; metastatic dissemination on the pleura visce- 
ralis bilaterally; metastases within both suprarenal glands. Multiple 
bronchopneumonias. Superficial thrombi on the right thigh; hemorrhagic 
infarct within the right upper lobe of the lung. 

When the bronchial tree on the right side was cut open, both the lower 
and the upper main bronchi proved to be constricted by a white tumour 
infiltration within the bronchial mucous membrane. The tumour infiltra- 
tion had its point of departure from rounded massive tumour foci lying 
outside the bronchus, which were situated close up to the hilus and con- 
stricted the bronchi in a one-cm.-long section. The bronchial branches to 
the central area of the lung exhibited no constriction. 

No metastases within the central nervous system. 

Microscopic examination. The renal tumour exhibits a typical 
picture of a hypernephroma built up to considerable polyaedral cells 
with abundant clear cytoplasm, containing somewhat abundant lipoids; 
within some areas the cell • picture" is ' -more polymorphous. Fairly 
pronounced infiltrative growth with ingrowths in the vessels. 

The metastases in the lungs show, in principle, the same picture as the 
primary tumour.. 

The hilus glands are partly studded with tumours, but their increase 
in size is partly conditioned by an unspecific inflammatory irritation,- 
probably secondary to the extensive pneumonias. 
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Summary. A 39-year-old woman, who had previously always 
been healthy on the whole, consults a doctor for an irritating cough, 
which she has had for 3 months. A roentgen examination reveals 
pronounced bilateral hilus gland enlargements and changes in the 
lung parenchyma of limited extension. Clinically she exhibits fever, 
moderately increased sedimentation rate and eosinophilia and 
relative lymphophenia. Other clinical and bacteriological and 
laboratory examinations give negative results for the most part. 
On the roentgen picture of the lungs the changes show progress, and 
finally there is an extensive, bilateral parenchymal affection. The 
condition undergoes a continuous deterioration with increasing 
cyanosis, dyspnoea and cough. The patient dies wthout any 
clinically established diagnosis having been made. 

Autopsy reveals a left-sided hypernephroma with extensive 
metastases in the lung parenchyma and hilus glands, and complicat- 
ing bronchopneumonias. 

Epicrisis and differential diagnosis. 

The case is interesting from several points of view. It provides a 
further contribution to the diversified symptomatology in cases of 
latent primary renal tumours with diseases in other organs as the 
first symptom. 

These observation also provide a contribution to the diferen- 
tial diagnosis in cases of hUus lymphomas. In this respect attention 
should of course be paid to any existing parenchymal changes, the 
roentgenological structure of which may often facilitate judgment. 
A number of different etiological possibilities were considered in the 
present case. 

Primary tuberculosis is the most usual cause of bilateral hilus 
gland enlargements, but makes its first appearance with simulta- 
neous bilateral parenchymal components only in exceptional cases. 
In our patient the' right-sided parenchymal induration was con- 
siderably larger than the usual )>lobular)> order of magnitude in pri- 
mary tuberculosis. As also the tuberculin reaction was not positive 
until Mantoux 0.1 mg was employed, and bacilli could not be prov- 
ed, a tuberculous etiology did not appear very probable. 

The picture conformed in casu more to an intrathoracic lympho- 
granulomatosis, and it was under this probable diagnosis that the 
patient’s body was sent for autopsy. From illustrated publications 
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on the subject it appears that this disease may exhibit a roentgeno- 
logical picture resembling the one in the present case. The eosino- 
philia, lymphopenia and fever with its indicated periodicity, might 
be interpreted in the same sense. The absence of general lymphatic 
gland swellings does not negative the diagnosis, as lymphogranu- 
lomatosis, like other system diseases, may be localised. 

The possibility of a neoplasm was also considered. Starting from 
the assumption of a common etiology for the changes in the lung 
parenchyma and hilus glands, the picture might have been appre- 
hended as a bilateral primary bronchial cancer, with lymphogenous 
metastasization to the regionary glands in the lung hilus. A bron- 
choscopic examination would possibly have thrown light on this 
point, but the patient’s fever and increasingly affected condition 
formed a relative contra-indication for the measure. Wliile the 
type of bilateral lung cancer mentioned is comparatively unusual, 
the bilateral metastatic lung tumours constitute an everyday 
phenomena in clinical practice. It is also known that these tumours 
in their turn give rise at times, by way of a lymphangitis carcinoma- 
tosa, to metastatic involvement of the regionary hilus glands, 
and in the present case such a possibility could not be excluded. 
On the first roentgen picture (see fig. 1), however, the hilus lympho- 
mas predominated, so that it appeared improbable that they would 
be secondary to the relatively limited parenchymal processes. 

The apprehension of the metastases in the parenchyma and 
glands as phenomena independent of each other is confirmed by 
the following two cases, in whicli intrathoracic hypernephroma 
metastases were first deposited in the hilus glands. In both cases 
nephrectomy had been performed earlier, and both were post 
mortemed, the character of the gland changes proved roentgenolo- 
gically also being identified. As similar roentgen pictures do not 
appear to have been reproduced in earlier literature, the pictures 
referring to the cases are given. 

Case 1. Surg. din. case record GC7/1931. Mr N. L. aged 53 years. 

In March 1931 right-sided nephrectomy was performed, and the patlio- 
logical-anatomical examination showed a hypernephroma. Already 4 
months before the op. right-sided hilus gland enlargements had been 
observed, wliich gradually increased in extension, and 13 months after 
the op. exhibited a picture as shown by fig. 3. In the after-course metasla- 
ses dso appeared in the skeleton system. Death in June 1932. At autopsy 
the hilus glands proved to bo studded with hypernephroma metastases 
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Fig. 3. 53-year-old man. Previous nephrectomy owing to hypernephroma. 
i\Ietastases in the hilus glands on the right side. 

The roentgen picture w'as taken at the Roentgen Department at Lund 
(late Physician-in-charge: Dr L. Edling). 

This case appears as no. 67 in S. Bergendal’s (1935) casuistics of renal 
tumours collocated from a different point of view from the present one, 
and without the reproduction of roentgen pictures. 

Case 2. Med. din. case record 1283/1938. Mr V. B. aged 58 years. In 
December 1937 right-sided nephrectomy was performed on account of 
hypernephroma. After the op. well until March 1938, when he fell ill with 
fever of a periodic type. Roentgen examination of the lungs in April the 
same year showed metastases in the hilus glands on the right side (see fig. 4). 
Later slight parenchymal changes appeared and also a right-sided hemor- 
rhagic pleuritis. Death in February 1939 at another hospital. Autopsy 
confirmed the metastatic nature of the hilus changes observed roentgeno- 
logically. 

The roentgen picture was taken at the Roentgen Department at Malmo. 
(Physician-in-charge: Dr D. B. Carlsten). 

This case has been published earlier in another connection and without 
roentgen pictures by Ask-Upmark (1938). 

At the ordinary clinical examination of the present case the 
primary tumour could not be proved. Thus, no pathological resis- 
tances could be felt in the abdomen. This is not infrequently the 
case with renal tumours, especially if they are localised in the 
upper pole. In Bergendal’s (1935) material there were negative pal- 


intrathobacic 


hypernephroma metastases 
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Fig. 4 . 5S-ycar-old man. Previous neplircclomy owing to hyperncpliroma. 
Metastases in the lulus glands on the right side. 


pation findings in 14 of the 76 cases with such tumours. Tiic 
urine finding was also negative, and from the relevant literature 
it appears that the urine may be free from abnormal constituents 
in, e. g., 5 cases out of 18 (Albrecht, 1905). The absence of clinical 
manifestations on the part of the primary tumour had the result 
that the idea of intrathoracic metastases did not suggest itself, 
even though the picture could have been interpreted as an atypical 
form of metastasization. 

The course of the disease in the present case assumed a rapidly 
progi’essing character. Certain benignant hilus gland affections 
were therefore soon excluded as pathogenetic possibilities. Other- 
wise bilateral unspecific bronchopneumonias with regionary hilus 
gland reactions might have been one such possibility. Apart from 
the course of the disease, our case differed from lymphogranulomatosis 
benigna also in respect of the simultaneous parenchymal changes, 
which were not of the punctate type which characterizes that 
form of disease. 

Finally, an intrathoracic Icukaemic lymphadenosis may give 
rise to roentgenologically provable hilus enlargements. Differen- 
tial counts of white blood corpuscles, or bone-marrow punctures 
decide the matter in this respect. 
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The differential diagnostics in the case of hilus lymphomas thus 
comprise a series of diseases of a varied nature. Our methods of 
examination are restricted here, and at times the clinical diagnosis 
is uncertain. ’Wlien it is a matter of superficial groups of lymphatic 
glands, enlightenment may be obtained in many cases by means 
of tissue biopsy and pathological-anatomical examinations. The 
hilus lymphomas visible on the dorsoventral roentgen picture cor- 
respond mainly to the bronchopulmonary gland ^oups and are 
situated intrapulmonarily. They are therefore inaccessible for 
biopsy. 

Adjacent to the main bronchi on the area between the anatomi- 
cal hilus and the trachea are, however, the tracheo-bronchial 
tymphatic glands, whose localisation against the pleural cavity 
makes them accessible for transpleural surgical measures. These 
glands emerge on the dorsoventral picture only if they are con- 
siderably enlarged (Westermark, 1940), and therefore correspond to 
only a lesser part of the hilus lymphomas proved roentgenologically. 
As in the case of other groups with the same inter-relationship, a 
simultaneous affection of the bronchopulmonal and tracheo-bron- 
chial gland groups is probably very usual. Thus, at autopsy, in the 
case under discussion the glands last-mentioned were observed as 
packets of the size of walnuts immediately mediastinally of the 
anatomical hilus. In the case of hilus lymphomas of uncertain 
etiology determined roentgenologically, it should therefore be 
possible in many cases to perform a transpleural gland biopsy of the 
tracheo-bronchial groups. This operation presupposes a collapse of 
the lung by means of diagnostic pneumothorax. A test excision is 
then made in association Avith thoracoscopy in a manner which has 
earlier been described by various authors dealing with subpleural 
lung tumours. 

In the case before us a transpleural gland biopsy was performed 
(the present author) post mortem, a simplified set of instruments 
being used. A cannula was inserted on the dorsal side on a level 
with the lung hilus 8 cm to the left of the spinal process. Through 
this cannula were then inserted a light mounted in the point of a 
metal rod and a test incision forceps of the ordinary »alligator)> 
tjT^e used in bronchoscopic practice. The pieces of tissue obtained 
in this way were sent for pathological-anatomical examination, and 
the following expression of opinion was given (Dr C. G. Ahlstrom); 



intrathor^cic hypernephroma metastases simulating etc. 275 

Within both test excisions from the hilus glands taken at the post- 
mortal thoracoscopy the picture of a hypernephroma tissue is seen; 
^^^thout any knowledge of the primary tumour it would, however, 
be hardly possible to venture any thing more definite than the diag- 
nosis »malignant tumour», as the arrangement of the tumour cells 
within the hilus metastases is not characteristic, and there are no 

streaks of fat in the cytoplasm. 

Since this case, and in view of the discussion provoked in con- 
nection with it, we have considered the possibility of also obtaining 
the diagnosis in vivo, according to the method described. 

Transpleural gland biopsy is naturally not suitable for routine 
examinations in the case of enlarged hilus glands. Its use is limited 
to the cases in which it is urgent from the therapeutic and prog- 
nostic points of view to obtain the most definite diagnosis possible. 


Summary. 

1. After a survey of the symptomatology in cases of malignant 
renal tumours, the author describes a case of hypernephroma, in 
which the pulmonary symptoms arising from metastases represented 
the only clinical manifestation from the primary tumour, which was 
otherwse latent, Roentgen examination revealed pronounced 
bilateral hilus gland enlargements and parenchymal changes of, at 
first limited, but gradually increased diffusion. The patient suc- 
cumbed without a certain clinical diagnosis having been reached. 
The metastatic nature of the intrathoracic changes was not proved 
until the autopsy. 

2. With this observation as a starting-point, the differential 
diagnosis in the case of hilus lymphomas observable roentgenolo- 
gically is discussed. In connection with this two cases are described 
in which intrathoracic hypernephroma metastases on the roentgen 
picture made their first appearance in the hilus glands, without 
simultaneous parenchymal changes. 

3. Finally, a method is indicated for examining etiologically 
unelucidated hilus lymphomas: transpleural gland biopsy. 
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Iron Content of the Serum in Lesions of the 
Liver and Bile Passages.^ 

By 

KNUD BR0CHNER-MORTENSEN. 

(Submitted tor publication June 15, 1942). 


In recent years a number of investigators have shown that tlie 
iron content of the serum is often increased in patients witii acute 
hepatitis, whereas this is a rare finding in patients with obstructive 
jaundice. 

Among the earliest investigators of the iron content of serum, 
Warburg & Krebs (13), working with Warburg’s cystein method, 
found already in 1927 that the serum iron was increased quite con- 
siderably in a patient with jaundice. 

The subsequent investigations have been carried out mostly after 
Heilmeyer & Plotner’s (4) phenantrolin method. The estimation of 
the analytical results by the various authors has varied somewhat 
with their view concerning the limits for the normal range of vari- 
ations for the iron content of serum. Gradually, however, it lias 
become the prevailing view that values over 200 y % are found but 
seldom on examination of normal subjects. The lower limit is not 
so definitely established, some authors setting it at 80 y %, others 
at 50 y %. 

ChristSn^X’f reported were carried out with the aid of a grant from the 
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Table 1. 

Previous Studies on the Iron Content of the Scrum in Patients ivith Lesions 

of the Liver and Bile Passages. 


Author 

Year 

Acute hepatitis 

Obstructive jaundice | 

No. of 
jjatients 
examined 

Serum iron y % 

No. of 
])atienLs 
examined 


m 

<S0 

80— 200|>200 

<80 

80— 2001>200 

No. of patients in 
eaclj group 


Heinmeier (5) . . 

19.19 

10 

0 

5 

5 

11 

4 

6 


Skouge (10) .... 

1939 

5 

0 

3 

2 

4 

2 

2 

0 

Waldenstrom (12) 

1910 

9 

0 

5 

4 

— 

— 

— 

— 

Vahlquist (il) .. 

1911 

25 

? 


10 

— 


— 

— 



49 



21 

15 



1 


The outcome of tlie previous series of examinations is recorded 
in Table 1. 

In repeated examinations of patients with acute hepatitis, 
Hemmcler (5) sometimes found a late increase in serum iron. In 
children, Vahlquist (11) found the serum iron values on an average 
to be higliest in the first week of illness, though subject to great 
individual variation, in a few cases the maximum was not reached 
till the 20’ — ^29’ days of illness. In some cases the increase in serum 
iron persisted after the bilirubinemia had subsided. 


Writer’s investigations. 

Material. 

The material comprises 50 patients suffering from lesions of the 
liver and bile passages: 26 with acute hepatitis, 5 with cirrhosis 
of the liver, 12 with obstructive jaundice from cancer, and 7 with 
cholelithiasis. Of these patients, 33 "svere admitted to Dep. II of the 
Kommune Hospital, and represented all the patients of these groups 
admitted to the department in two limited periods. Of the remain- 
ing patients, 7 "were admitted to Dep. Ill of the same hospital, 5 to 
Dep. V and 5 to Dep. VII \ and were picked out at random from 
the materials of these departments. 

^ The writer is obliged to the chief pliysicians of these departments — Dr. 
Poul Iversen, Dr. T. Knudtzon and Dr Hans Heckscher — for permission to 
examine the patients. 
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Technique. 

Serum iron: Brochner-Mortensen & Olsen’s (2) method. 

Ic/erus index: Meulengracht’s (7) method. 

Quinine-resistant lipases in serum: Rona’s method as elaborated 
by Polack (8) and Genner (3). 

Galactose tolerance test; Bauer’s method. Analysis after 
.Schugt (9). 

Hemoglobin determination: In hydrochloric acid hematin in 
Autenrieth-Konigsberg’s colorimeter corrected after Haldane 
(100 % 18.5 vol. % oxygen-comluning capacity). 

Results of examinations. 

The total results of these examinations are given in Table 2. 
The values obtained for serum iron and icterus index on the first 
examination are presented graphically in Fig. 1, which also shows 
the distribution of the values for serum iron observed at a previous 
examination (2) of 40 normal persons. 



fig. 1. Iron content of serum in normal persons and in patients 
of the liver and bile passages (first Examination). 


with lesions 
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Table 2. 


Writer’s Determinations of Serum Iron in Patients with Lesions of the Liver 

and Bile Passages. 


PI. No. I 

• Department 
and Case 
Record No. 

Sex 

Age (years) 

No. of days after 
appearance of 
jaundice 

Scrum iron 

y % 

s 

i 

•sp O 

o' 

c* **) 

5' 

i— 1 

o 

O 

i/i 

O 

y, 

*r-Ti 

Lipase value 

o 

F 

-2, 2- 

<? s.® 

n- g r* 

" 1 

1-2 

O 

o3 

c c 

* 

C 

fi 




Acu/e hepatitis. 






1 

Ill 701/41 

M. 

29 

8 

326 

97 

30 


4.4 

0 

2 

III 592/41 

F. 

29 

32 

324 

89 

30 


G.l 

0 

3 

II 614/42 

I\I. 

33 

10 

319 

115 

110 

10 

2.5 

I 






474 











352 










24 

221 


no 

9 


0 





37 

201 


36 

2 


0 

4 

III 150/41 

M. 

28 

10 

317 

99 

60 


2.2 

0 

5 

II 48—7/41 


19 

24 

288 

110 

10 



0 

6 

II 9 A— 8/41 


13 

3 

276 

80 

28 

11 

0.3 

0 





13 

193 

88 

16 

3 


0 





19 

177 

84 

9 

3 


0 





26 

178 

80 

10 



0 

7 

II 11—10/41 

I\I. 

46 

28 

250 

98 

63 

27 

4.4 

0 





38 

282 

98 

120 



0 





44 

254 

92 

150 



0 





51 

260 

85 

192 

11 

3.4 

0 





56 

264 

83 

160 

9 


0 





64 

196 

70 

64 

12 


0 





70 

220 

72 

48 

5 


0 





80 

214 

69 

32 

2 


0 





85 

244 

77 

21 

16 


0 





91 

172 

79 

16 

6 


0 





98 

222 

75 

13 

2 


0 





108 

208 

81 

14 

4 


0 

8 

VII 287/41 

F. 

24 

27 

241 

73 

102 


5.4 

0 

9 

V 447/41 

F. 

35 

50 

232 

90 

28 


0 

0 

10 

II 78—10/41 

F. 

56 

9 

230 

92 

42 

16 

0.9 

I 





13 

173 

92 

no 

19 

0.9 

I 





19 

69 

85 

120 



III 





20 

78 





III 





26 

79 

80 

42 

8 


I 





31 

73 

83 

28 

7 


I 

11 

II 66—9/41 

F. 

26 

10 

224 

94 

40 

21 


0 


*) = Temperature level. 

0 = Normal temperature. 

1 = Subfebrile temperature (■<^ 38° C). 

II = Temperature 38 — 39° G. 

Ill = Temperature > 39° C. p . 

**) == 5 min. after intravenous injection of 50 mg ferrous lactate (= 10 mg ;■ 
***)=60 »» s > »»»»» 0 * 










Department 
and Case 
Record No. 



Si o 

a> *3 ■ 

tn p ^ Hf) 

^ c: p _ 

lg<§ 

p ra o w 

3 " "> » 

o «-*» 



12 II 55—2/41 M. 

13 II 26—5/41 M. 

14 II 48A— 8/41 F. 


15 11453/42 


16 II 100— 4/41 


17 II 30—11/41 

18 II 555/42 

19 VII 236/41 

20 II 84—10/41 


21 11105—10/41 M. 


22 II lA— 9/41 M. 


23 VII 151/41 F. 

24 117—1/41 F. 


6 215 

13 240 

3 210 

14 207 

24 123 

30 94 

13 205 

17 253 

23 200 

456 ^ 
400 ' 
8 204 

15 277 

21 270 

15 202 

6 199 

15 183 

18 172 

23 156 

29 158 

35 74 

5 163 

13 161 

18 178 

24 105 

8 155 

18 201 
21 169 

31 186 

36 185 

44 200 

50 281 

60 102 
65 150 

70 83 

6 132 


64 12 

30 

17 

14 10 


34 

11 

8 

23 16 

9 6 

17 

22 9 

12 14 
9 2 

9 6 

14 15 

9 2 

7 

24 10 
70 13 

100 1 
96 8 

52 5 

28 6 
22 2 


25 1131—10/41 F. 


26 1111320/41 


12 118 
19 160 

26 153 

33 118 

4 103 

11 125 

16 147 

25 141 


med. scandinav. Vol. CXI I. 


20 

14 

20 18 
19 2 

11 16 
7 9 

23 
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ojn^^Baadtuaj, 












282 


KNUD BROCHNER-HOKTENSEN. 


(Table 2. cent. 2). 


Pt. No. 

Department 
and Case 
Record No. 

Sex 

Age (years) 

No. of days after 
appearance of 
jaundice 

Serum iron 
V% 

Hemoglobin 

% 

Icterus index 

I.ipase value 

^ E 

ft CCJ ® 
ft o cn 
ft E n 

?? Q ^ 
A2. o 
o ^ 
M r*- 

1 

H 

ft 

ft" 3 

< ‘3 

ft ft 

ft 

ft 




Cirrhosis of the liver. 





■ 

27 

II 65—1/42 

iM. 

14 

ca. 170 

190 

80 

52 

9 

2.2 

0 





175 

146 

75 

30 

5 


0 





181 

207 

75 

31 

6 

9.1 

0 





188 

177 

71 

27 

11 


0 





198 

206 

73 

21 

8 


0 

28 

II 132—10/42 

F. 

70 

38 

182 

86 

85 

7 


0 





45 

122 

83 

96 

15 


0 





56 

165 

78 

44 

8 


0 

29 

II 138—7/41 

]\I. 

59 

7 

145 

81 

9 



I 

30 

III 515/41 

M. 

47 

? 

106 

88 

12 



0 

31 

II 505/42 

iM. 

56 

54 

92 

62 

15 

3 


0 


Cancer of the liver or pancreas with stenosis of the common bile duct. 


32 

II 44 A— 10/41 

M. 

55 

20 

268 

95 

144 

12 

0 

I 





26 

176 

85 

152 

5 

1.7 

I 





33 

178 

78 

124 

13 


I 





39 

139 

78 

224 

2 

0 

1 





49 

95 

80 

224 

10 


I 





54 

94 

76 

210 

3 


I 





60 

69 

75 

160 

3 

1.4 

I 





66 

82 

75 

165 

8 


1 

33 

II 34—7/41 

M. 

73 

13 

190 

83 

104 



I 

34 

II 131—11/41 

JI. 

46 

6 

140 

69 

120 


5.8 

I 





13 

77 

58 

172 

13 


I 





18 

102 

54 

184 

9 

1.2 

I 





26 

57 

57 

112 

15 


I 





32 

84 

68 

120 



I 





42 

91 

70 

52 

12 







47 

48 

74 

95 

7 







53 

102 

75 

85 

15 







59 

94 

75 

92 

10 







69 

95 

78 

115 

6 



35 

V 896/41 

M. 

55 

21 

95 

98 

42 


0.2 

II 

36 

II 552/42 

M. 

60 

40 

95 

93 

120 

8 

9.9 

0 

37 

II 78A— 9/41 

F. 

67 

ca. 400 

91 

74 

14 

3 

0 

0 

38 

II 81/42 

M. 

67 

45 

87 

75 

12 



0 

39 

V 48/41 

F. 

60 

54 

75 

92 

75 



II 

40 

II 139—5/41 

iAI. 

72 

2 

66 

87 

40 



0 

41 

V 1052/41 

F. 

67 

34 

61 

73 

34 


1.8 

I 

42 

III 360/41 

M. 

63 

15 

59 

88 

12 


0 

0 

43 

II 133—1/41 

IVI. 

58 

55 

47 

82 

21 



11 




Chotelithiasis. 






44 

V 635/41 

M. 

43 

6 

181 

110 

15 



0 

45 

VII 231/41 

M. 

47 

20 

175 

110 

52 


2.6 

I 

46 

VII 380/41 

M. 

63 

38 

165 

80 

60 


6.8 

I 

47 

II 25—7/41 

M. 

72 

38 

160 

85 

68 



1 

48 

II 106—5/41 

F. 

65 

? 

99 

84 

9 


0 

0 

49 

II 75 A— 9/41 

F. 

55 

3 

59 

81 

24 

15 


ill 





10 

95 

83 

9 

9 

0.4 

0 

50 

III 315/41 

M. 

35 

19 

33 

91 

23 


0.7 

0 
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Fig. 2. Variations in serum iron, icterus index and lipase value in patients 

with hepatitis. 


In 26 cases of acute hcpalitis, determination of the serum iron 
was performed from 1 to 12 times — altogether 80 determinations. 

On the first examination, 17 of these patients (65 %) sliowed va- 
lues over 200 y %, which is taken to lie the upper limit for the nor- 
mal range of variations. At the same time, the icterus index was 
between 28 and 110 in 12 patients, between 10 and 23 in 5. 

In 8 patients the first examination gave values between 103 
and 199 y %, i. e., within the normal limits. Two of these patients 
were febrile, however, and one of them showed later an unquestion- 
able increase in serum iron (up to 281 y %). In the remaining 7 
patients the degree of the lesion was fairly mild (icterus index 
between 9 and 22). 

Finally, 1 patient sliowed an unquestionable fall in scrum iron, 
namely; 42 y %. 

Pt. No. 2c. Male, aged 33. Diagnosis: Diabetes nicllitus; Incipient 
coma; Acute hepatitis. 

In f922, diabetes mellitus, treated with insulin. On admission, incipient 
coma, jaundme was ascertained (Icterus index 80, subsiding to 10). Tem- 
perature subfebrile. Sedimentation rale: 21 mm/1 lir. Urine; -f urobilin; 
+ bilirubin; later, no bilirubin. 

Biopsy of liver; Typical liepalitis. 

In 12 of the patients, 3 — 12 determinations of scrum iron u'cre 
performed in the course of the illness, most often at intervals of 
about 1 week. Figs. 2 — 4 give the variations in scrum iron, icleru.s 
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Fig. 3. Variations in serum iron, icterus index and lipase value in patients 

with hepatitis. 


index and lipase values plotted in relation to the duration of illness 
reckoned from the appearance of jaundice. 

From these figures it is seen that the icterus index and, espe- 
cially, the lipase value as a rule reached their maximum rather rap- 
idly and then subsided at a varying rate, whereas the variations in 
serum iron content were often somewhat more protracted.- 

In 5 of these patients (Fig. 2) the maximum value for serum iron was 
observed already on the first examination (respectively 10, 3, 3, 14 and 18 
days after the appearance of jaundice). After this, the values subsided at a 
variable rate. In one of these patients (No. 10), the fall in serum iron was 
undoubtedly promoted by a complicating febrile pyelitis. 

In 6 of the patients (Fig. 3), -who were examined for the first time respect- 
ively 13, 8, 5, 8, 7 and 4 days after the appearance of jaundice, the serum 
iron was seen to increase in spite of the falling values of icterus index. In 
these cases the highest serum values were observed respectively 17, 15, 
18, 50, 19 and 16 days after the appearance of jaundice. 

In one patient (Fig. 4), who was not examined till about 1 month after 
onset of illness, the maximum value for the icterus index urns found about 
50 days after the appearance of jaundice, w'hile serum iron kept at a fairly 
constant high level, with maximum on the 38’ day. After the icterus index 
had fallen off considerably, the serum iron concentration kept at a level of 
the upper normal limit or, most often, a little higher. 

On the whole, the greatest values for serum iron were seen in the 
first weeks of illness — though in several cases not until the icterus 
index had commenced falling off. As a rule, the fall in serum iron 
is lagging somewhat after the fall in icterus index and especially in 
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Fig. 4 . Variations in scrum iron, icterus index and lipase value in a patient 

Avith hepatitis. 

]ipase value. Still, serum iron verj' often reaches normal values 
long before the icterus index has become normal. 

Oi the values here reported, the lipase value as a rule is the first 
to become normal again — i. c., at a point of lime when the icterus 
index often is increased considerably. Therefore, the examination 
for quinine-resistant lipases in scrum is of particular value in early 
examination of the patients. Probably this method of examination 
has been adopted only to a slight extent because its significance early 
in the disease has not been realized generally. 

Delernijnation of llie lipase value was performed in 14 cases. Markedly 
increased values (over 10) were found in 10 pvTlienls, slightly increased 
values (7—10) in 3 patients, and normal value in 1 patient. 

Among the 8 patients showing normal values for serum iron, the lipase 
value was increased in 3, normal in 1. 

The galactose tolerance test was performed on 19 patients. In 8 the 
excretion was found to exceed 3g (but in 2 of tlieso cases the great increase 
was soon only after repeated examinations, in 0 the excretion amounted to 
2 — 3 g, and in 5 it was less than 2 g. 

Among 8 patients -sYith normal values lor serum iron, 3 sliowed a galac- 
tose excretion of more than 3 g, while 2 excreted between 2 and 3 g, and 1 
only 0.3 g. 

All the patients showed urobilinuria. 

In 5 patients •witli cirrhosis of the liver (verified on autopsy in 4 
cases) 1 1 determinations of the serum iron were perform ed. One of 
these patients, ivlio ivas e.vamined 5 times at an interval of about 1 
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week, showed twice a value over 200 y % (206 and 207 y %). In the 
remaining 4 patients the values varied between 92 and 190 y %, 
i. e., within normal limits. 

In 3 patients the icterus index was between 19 and 15, while in 2 it 
varied between 21 and 96 (repeated examinations). 

The galactose tolerance test was performed only in one patient who 
showed a great excretion. 

The quinine-resistant lipase content of the serum was found to be nor- 
mal in 1, increased in 2 (on repeated examination, in varying degrees). No 
definite relation was seen between the variations in lipase value and serum 
iron. All the patients show^ed urobilinuria. 

In 12 patients with obsfrvcfive jaundice due to cancer (verified on 
operation or autopsy in 11) altogether 28 determinations of serum 
iron were carried out. In 1 patient the first examination showed a 
serum iron content of 268 y %, whereafter the values were falling 
off (see below). 

In the remaining 1 1 patients, the first examination gave values 
between 47 and 190 y %; in 5 of these patients the , values were 
under 80 y %. 

On simultaneous determination the icterus index was found to 
be from 34 to 184 in 8, from 12 to 21 in 4, 

The temperature was elevated in 7 of the patients, 2 of whom, 
together with 2 afebrile, showed a hemoglobin percentage under 80. 

In 2 of the patients the serum iron concentration was deter- 
mined respectively 10 and 8 times, at intervals of about 1 week. 

In one of these patients (No. 34), the serum iron varied between 
48 and 140 y %, the icterus index between 52 and 184, the lipase 
value between 6 and 15, and the hemoglobin percentage between 
57 and 78. Apparently there was no relation between the varia- 
tions in these 4 values. 

In the other patient (No. 32) the first determination of serum 
iron showed 268 y %, while the fohovdng gave normal or sub- 
normal values. 

The symptoms commenced 3 weeks before admission, with vague dys- 
peptic phenomena. One week later there was a slight elevation of the tem- 
perature, accompanied by Jaundice. 

On admission, the patient, whose nutrition was fairly good,showe 
pronounced jaundice. The liver extended 3 fingers’ breadth below the 
costal margin. 
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Sedimentation rate; 1 mm/1 lir. Hb.: 95 %. Icterus index: 114. Lipase 
■value: 12. Galactose tolerance test: No excretion. Urine: + urobilin; 
+ bilirubin. Roentgenography showed no concretions in the bile passages. 

During the further course of the illness the serum iron concentration 
fell off to low normal or subnormal values. The hemoglobin percentage fell 
off, too. The icterus index rose to 224, and then it fell off again. The sedi- 
mentation rate increased to 44 mm/1 hr. Repealed galactose tolerance 
tests showed an excretion of 0—1.7 g. The lipase value varied between 3 
and 13. The excretion of urobilin ceased. 

Biopsy of the liver showed degenerative parenchymatous changes and 
evidence of biliary stasis. Explorative operation and autopsy showed: 
Cancer of the common bile duct with occlusion. 

The increased value for serum iron on the first examination was pre- 
sumably due to deterioration of the liver parenchyma, which also gave 
rise to the high lipase values, and which was verified on biopsy. 


The galactose tolerance test was performed on 7 of the patients, 5 of 
whom showed an excretion of 0 — 1.8 g, while 2 excreted more than 3 g. 

The quinine-resistant lipase content of the serum was determined in 4 
patients; 1 showed a value of 3, 1 a value of 8, and 2 gave values varying 
between 3 and 15. 

Urine analysis showed evidence of complete occlusion of the bile passa- 
ges in 2 patients {0 urobilin; bilirubin). The remaining patients showed 
urobiiinuria. 

In 7 patients with cholelithiasis (verified by operation in 1, by 
roentgenography in 2) the serum iron concentration was deter- 
mined altogetlier 8 times. In 5 of these patients the values were 
from 99 to 181 y %, i. c., within normal limits; in 2 they were 
decreased. 

The icterus index was slightly increased in 4 of these patients (9 — 24), 
markedly increased (52— G8) in 3. The galactose tolerance test wa.s per- 
formed on 5 patients, showing an excretion of 0—0.7 g in 3, 2.6 gin 1 and 
6.8 g in 1. 

The lipase value was increased in 1 patient. 

The urobilin reaction was positive in G patients, negative in 1. 


Discussion. 

As the total results of the present examination of 50 patients 
suffering from lesions of tlie liver and bile passages, an increase 
in serum iron to over 200 y % was found in 18 out of 26 patients 
(69 %) with acute hepatitis and in 1 out of 5 patients willi cirrhosis 
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of the Jiver, 'vvJiereas an increase in serum iron was seen in' only i 
out of 19 patients with jaundice due to cancer or cholelithiasis. 

These findings are quite in harmony with previous experiences 
(Table 1). 

For comparison it may be mentioned that the galactose tole- 
rance test gave an excretion of more than 3 g of galactose in the 
urine in 8 out of 19 patients with hepatitis, and in 3 out of 12 
patients w’ith cancer or cholelitlnasis. An excretion between 2 
and 3 g was found respectively in 6 patients and 1. 

The cause of the rise in scrum iron in patients suffering from 
hepatitis is not yet known precisely. 

On the whole, the scrum iron concentration may be assumed to 
depend on a number of more or less known factors; the absorption 
of iron from the digestive tract, storage in and mobilization from 
the iron depots, consumption of iron in the hemoglobin formation, 
liberation of iron in the decomposition of hemoglobin, and the still 
somewhat obscure iron metabolism of the cellular parenchyma. 

We can rule out the possibility that the high values for serum 
iron in hepatitis might be due to an increased absorption of iron 
from the digestive canal. On peroral administration of soluble fer- 
rous sails to patients with hepatitis Waldenstrom (12) and Vahl- 
quist (11) found no increase in scrum iron or, most often, a con- 
siderably smaller inrease than observed in normal subjects. 

Hcmmeler (5) advanced the hypothesis that the high values 
for serum iron in hepatitis would result from a decreased excretion of 
iron with the bile, whereas in patients Avith mechanical jaundice 
other factors would assert themselves (infection, anemia) causing a 
decrease in serum iron. This hypothesis has to be refuted, how- 
ever. As pointed out more thoroughly in a previous paper (2), it 
seems reasonable from more recent studies to assume that practic- 
ally no iron is excreted Avith the excretions of the digestive tract. 

So the cause of the increase in serum iron in hepatitis has to be 
looked for in the intermediate iron metabolism. 

It seems more likely that the high values for serum iron in hepa- 
titis are connected with the liberation of iron from the disintegrat- 
ing iron-rich liver cells and Avith the simultaneous failure of the 
liver to absorb the iron liberated by the physiological decomposi- 
tion of hemaglobin. On the other hand, it seems rather peculiar 
that the other iron depots of the organism — in particular, the 
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spleen and bone marrow — should not be able temporarily to take 
over the role of the liver as depot oigan. 

After intravenous injection of iron salts, Hemmeler (5) found 
that the rate vath which the iron was removed from the blood 
stream in hepatitic patients did not differ definitely from the 
normal. Nor did the intravenous injection of iron salts in two of 
the patients in the present work (Nos. 3 and 15) give any characte- 
ristic deviation from the normal. On the whole, it seems doubtful 
whether this method of examination meets the expectations it 
should fulfil theoretically, but these aspects witt be dealt with in 
a subsequent paper. 

It has to be recognized, I think, that the cause of the increase in 
serum iron in hepatitis cannot be pointed out clearly on the basis 
of our present knowledge. 

As to the entirely practical question whether determination of 
tlie iron content of the scrum is of any differential diagnostic 
importance in the examination of patients with diseases of the liver 
and bile passages, according to our experiences so far the conclu- 
sion will have to be as follows: 

Serum iron values over 200 y % have been found in 39 out 
of 75 patients with acute hepatitis (52 % — in previous investiga- 
tions 43 %, in the writer’s material 69 %) and in 2 out of 34 patients 
with cancer or cholelithiasis (6 %). 

On examination of such patients the finding of a serum iron con- 
centration exceeding 200 y % constitutes a A’cr}' weighty evidence 
of hepatitis, but these high values can be expected to turn up in only 
about one-half to two thirds of the patients with acute hepatitis — 
most often in the first weeks of the illness. So determination of 
serum iron may be of practical use only as a supplemcntarj' diag- 
nostic adjuvant. 

In conclusion it has to be added that increased values for serum 
iron may also be found in other affections, especiallv pernicious, 
aplastic and hemolytic anemia. 


Summary. 

1. The iron content of scrum was found to be increased to 
over 200 y % in 18 out of 26 patients suffering from acute hepatitis 
(69 %) and in 1 of 5 patients with cirrhosis of the liver, but only 
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in 1 out of 19 patients with jaundice due to cancer or cholehathiasis. 
These results are in good agreement with previous experiences. 

2. Repeated determinations of the serum, iron in hepatitic 
patients showed great individual variations. The maximum was ob- 
served most often in the second week of illness. 

No regular relation was found between the variations in serum 
iron, icterus index and lipase value. 

3. The cause of the increase in the iron content of the serum in 
hepatitis is discussed. The high values cannot be due to changes 
in the exogenous iron metabolism, but are presumably attributable 
to the hberation of iron from the deteriorating iron-rich hver cells 
and a coincident failure of absorption by the liver of iron liberated 
by the physiological decomposition of hemoglobin. 

4. In the examination of patients with lesions of the liver 
and bile passages, the finding of more than 200 y % serum iron is 
a weighty evidence of the presence of hepatitis, hut this sign is 
found only in about one half to two-thirds of the patients vdth 
acute hepatitis. 
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Eine auf der Diazofarbe beruhende Methode zur 
quantitativen Bestimmung des aus Fliissigkeit 
extraliierten Bilirubins. 


Von 

WILLIAM KERPPOLA. 

(Bci der Rcdaklion am 7. August ]D }2 ciugcgnuRctt). 


Im Jahre 1932 habc icli zusammen mil Lcikola ^ cine Methode. 
zur quanlilativen Beslimmung des Bilirubins vordffcntlicht, bei 
der das Bilirubin aus der zu prufenden Fliissigkcil ausgczogen und 
mil Hilfe seiner eigenen gelbcn Farbc besUinml Avird. 193G' ver- 
bessertc ich die Methode insofern, als die storenden sogenannlen 
Lipochromfarbsloffc im Serum unlcr Benutzung der Eigcnschaft 
des Bilirubins, was.serld.slichc Alkalisalzc zu bilden, enirernl wer- 
den konnten. Zugicich niachte ich die Methode fiir das Slufen- 
photomclcr anwendbar. 

Auch in ihrer Iclzleren Form Avcist die Methode nocli einen 
Punkt auf, der der Pnizisicrung bedarf. Wie ich schon erwalmte, 
Avird bei ihr die quantilalivc Bestimmung durch Messung der eigenen 
Farbe des Bilirubins ausgefuhrt. Es isl jedoch bekannl, da.ss sich 
das Bilirubin in bozug auf .seine Farbe, unler anderem bei dor 
Oxydation, leicht A'^criindcrl, und infolgedessen kdnncn wir nichl 
sicker sein, da.ss die Farbe in den nach mciner Methode hergcslolllen 
Extrakten slots dicselbc blcibl. Die Farbe des Bilirubins kdnnen 

*Acla med. .scandiii. Yol. LXXVIII, Fuse. I. 19.'12. 

= Acla mcd. scandiu. Vol. LXXXIX, Fasc. V. 1930. 
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w genau mit Hilfe seiner Absorptionskurve bestimmen. Wenn 
die Kurven sich in den auf gleiche Weise hergestellten Proben 
immer decken, diirfen wir annehmen, dass das Bilirubin unter 

diesen Verhaltnissen mit gleicher Farbe auftritt und das zur An- 
wendung gekommene Verfahren zur Bestimmung des Bilirubins 
exakt gewesen ist. 

Beim Ausziehen von Serum mit Chloroform lost sich in diesem 
nur das reine Bilirubin und keine anderen Farbstoffe (vgl. meine 
fruheren Verdffentlichungen). Beim Studium der Absorptions- 
kurve des aus Serum von Kindern mit Icterus neonatorum in 
Chloroform Idslichen Bilirubins konnte Ylppd ^ feststellen, dass 
die Farbe des Bilirubins bei ihnen immer dieselbe ist. Ich habe 
eine ahnliche Untersuchung in 25 verschiedenartigen Ikterusfallen 
ausgefiihrt und bin zu dem gleichen Ergebnis gelangt. Die Ab- 
sorptionskurve des aus dem Serum unmittelbar in Chloroform 
Idslichen Bilirubins ist symmetrisch mit der Kurve, die man fur 
Bilirubin erhalt, das aus Gallensteinen nach der Kiisterscben 
Methode hergestellt ist.^ Dieses Bilirubins bediente ich mich, als 
ich eine Vergleichskurve fiir die Bestimmung des Bilirubins aut 
Grand seiner eigenen Farbe mit dem Stufenphotometer berechnete, 
Bedenken wir ferner, dass die Farbe des Bilirubins sich bei der 
Oxydation leicht verandert und dass damit, wie ich friiher zusam- 
men mit Leikola ^ gezeigt habe, in den Absorptionskurven der 
Farben grosse Veranderungen stattfinden, so darf ich wohl anneh- 
men, dass bei der Bestimmung des reinen Bilirubins nach der 
urspriinglich von mir und Leikola angegebenen und spater von 
mir modifizierten Methode die Farbenvariationen des Bilirubins 
nicht auf die Zuverlassigkeit der Ergebnisse einwirken. 

Kdnnen wir nun bei der Bestimmung des Gesamtbilirubins 
nach meiner Methode Beweise fiir die Einheitlichkeit der Farbe 
des Bilirubins finden? Bei dieser Methode losen sich aus dem 
Serum in das Chloroform in grdsserer oder geringerer Menge so- 
genannte Lipochromfarbstoffe, die die Verwendung einer Ab- 
sorptionskurve fiir diesen Zweck unmoglich machen. Ziehen wir 
aber in Betracht, dass das Bilirubin aus dem Serum immer bei 
derselben Aziditat extrahiert wird, dass die Farbe stets in dem 

^ Z. Kinderheilk. 1913. 

^ Skandin. Arck. f. Physiologic. Bd. 54, H. 3 — 4. 1928. . 

® Skandin. Arch. f. Physiologic. Bd. 55, 1929. 



EINE AUF DEH DIAZOFAEBE BEnClIENDE METHODE l!SW. 293 

gleichen Losungsmittel bestinimt wird und die Farbe des Bili- 
rubins bei der Bestimmung des reinen Bilirubins als unveranderlich 
erwiesen \Yerden konntc, so ist es walirsclieinlicb, dass aucli bei 
der Bestimmung des Gesamtbilirubins in verschicdenen Fallen 
keine grosseren Farbcnvariationcn vorbandcn sind; voile Siclicr- 
heit lasst sich jedoch in diescr Hinsiclit vorlaufig nichl crzielen. 
Urn meine Methode aucli in dieser Bezieliung sicherzustellcn, 
bin ich dazu ubergegangen, als Mass des Bilirubins nach der Ex- 
traktion seine Diazofarbc zu benutzen, die den allernicisten Metlio- 
den zur quantitativen Bestimmung des Bilirubins zugrunde liegt 
und die nacb den fruhcren Forschern eine slots gleich gcfarble 
und bestandige Farbcnvcrbindung ist. Die Bestimmung der Diazo- 
farbe erfolgt in einem lichtslarkercn Teil des Speklrums nls die 
der eigenen gelben Farbe des Bilirubins und ist daber in dieser 
Hinsiclit vorteilhafter. Bei der von mir enlAvorfcncn Methode zur 
quantitativen Bestimmung des Bilirubins wird die Diazoreaklion 
in dem aus Serum erhaltcnen Chloroformauszug und nicht, wic 
liei alien friiheren Verfahren, im Scrum selbst angeslellt. Sclion 
friiher habe ich mit Lcikola ^ konslatiert, dass die Rcaktion am 
besten mit folgcndcn Bestandleilcn ausgcfiilirL wird: Chloroform- 
losung 0.5 cm®, Diazomischung ebcnfalls 0.5 cm® und .Mkohol 
1.3 cm®. In ciner friiheren Veroffentlichung habe ich gezeigl dass 
im Serum oft ein farbloscs, Diazoreaklion gebendes Chroniogen 
festzustellen ist, das sich am besten in Benzol, aber auch in Chloro- 
form lost. Das Cliromogcn blcibt in der Liisung, wenn wir daraus 
mit einer Alkalimischung das Bilirubin entfernen. Das ist bei dcr 
unten beschriebenen Bestimmungsmelhodc beriicksichtigl, die 
iibrigens auf dicscibe Weise durchgcfuhrt wird, wie ich die Besiim- 
mung des reinen Bilirubins und des Gesamtbilirubins hei Anwen- 
dung der eigenen Farbe dcs Bilirubins als Massslab dargelegl habe. 
Ich venveisc diesbcziiglich auf meine fruhere bereits cnviihnlc 
Veroffentlichung. Ich habe den Bilirubingehalt dcr nach dcr 
Extraktion des Bihrubins zuriickgoblicbcnen Flussigkeit von neuern 
untersucht und konnte feststcllcn, dass liier allc ReakUonen dcs 
ihrubins negaliv sind, die Diazoreaklion auch nach Koffc.in- 


^ Acta mcd. scandin. Vol. LXXVI, Fnsc. IV-Yl. 1031 
‘Acta mcd. scandin. Vol. LXXXIX, Pasc. V, 1936.“^^’ 
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Nach meiner neuen Methode findet die quantitative Bestimmurig 
des reinen Bilirubins und des Gesamtbilirubins folgendemiassen 
statt: 

Besiimmung des reinen Bilirubins: 

4 cm^ Serum 

8 cm3 Chloroform wird 5 Min. kraftig im Schiittelapparat 
geschiittelt. 

Es wird 5 Min. zentrifugiert. 

1 cm3 Chloroformlosung wird in das Reagensglas A und 
2 cm® in das Reagensglas B pipettiert. 

Reagensglas A . 

1 cm3 Chloroformlosung 

1 cm3 Diazomischung (Sulfanillosung 10 cm3 yjjd 0.5 % Na- 
triumnitrit 0.25 cm®). 

3 cm® 95 % Alkohol, wird zugesetzt und bleibt 10 Min. stehen. 
Die Farbe wird mit dem Stufenphotometer bestimmt, 10 mm- 

Kiivette, Filter S. 57. Aus der Heilmeyerschen ^ Tabelle (Tabelle I) 
wird die entsprechende Bilirubinmenge abgelesen und die Zahl 
mit 10 multipliziert. 

Reagensglas B 

2 cm® Chloroformlosung 

4 cm® Alkohol-Laugeldsung (1 Teil 95 % Alkohol und 4 Teile 
10 % Natr.-Lauge), wird 5 Min. geschuttelt und zentrifugiert. 

Weiter wie bei Reagensglas A 
A — = reines Bilirubin in mg %. 

Besiimmung des Gesamibilirubins: 

4 cm® Serum 
8 cm® Eisessig 

16 cm® 10 % Trichloressigsaure, wird 5 Min. kraftig im Schiit- 
telapparat geschuttelt. 5 Min. zentrifugiert. 

1 cm® klare Chloroformlosung wird in das Reagensglas A und 
2 cm® in das Reagensglas B pipettiert. 

Weiter wie bei der Bestimmung des reinen Bilirubins 
A — ^B = Gesamtbilirubin in mg %. 

^ Carl Urbach: Stufenphotometrische Absorptionsbestimmungen in der 
medizinischen Chemie. Eipil Haim & Co., Wien-Leipzig 1932. S. 102 1 > 
Tabelle XXI. 
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WoUen wir im Serum eine vollstandige Bestimmung des Bili- 
rubins ausfubren, so brauchen wir dazu 8 cm^ Serum, das wir aus 
etwa 20 cm^ Blut bckommen. In den nieisten Fallen konnen Avir 
uns jedoch mit einer Bestimmung des Gesamtbilirubins begntigen, 
wobei wir mit einer urn die Halite kleineren Blutmenge auskommen. 
Die Bestimmung des reincn Bilirubins ist gleichwohl in gewissen 
Fallen, vor allcm bei der FeststcIIung von hamolytiscbem Iktcrus, 
von Wichtigkeit (vgl. meine friilicre Verolfcntlicbung, Acta med. 
scandin. Vol. XCVIII, Fasc. Ill, 1939). 

Tabelle I veranscbaulicht die in 24 verschiedenen Ikterus- 
fallen ausgefiihrte Bilirubinbestimmung nach der oben bcscliricbe- 
nen Methode. In dieselbe Tabelle sind aucli die nacb mciner frii- 
heren Methode gefundenen entsprechenden Mcngen des Bilirubin.s 
aufgenommen. Vor allem sind in der Tabelle zwei Umstandc zu 
beachten. Die Werte im Rcagensglas B bringen die Intensiliit 
der Diazofarbe zum Ausdruck, nachdeni das Bilirubin durch die 
Alkalimischung aus der Chloroformlosung cnlfernt worden isl. 
Vor der Ausftihrung der Diazorcaktion ist die Chloroformlosung 
bei der Bestimmung des freien Bilirubins rcgclmtissig farblos, bei 
der Bestimmung des Gesamtbilirubins dagegen infolge der Lipo- 
chromfarbstoffe mchr Oder weniger gelb. In den mcislen Fallen 
enthalt das Serum cine Diazorcaktion gebende Subslanz, die kein 
Bilirubin ist, in verhaltnismassig geringcr Menge, und zwar betriigt 
ihr Wert hochstens 10 % von der Menge des Bilirubins, aber haufig 
steigt sie auf 25 % und sogar dariiber (die Falle 2, 3, 11, 14 und 
23 bei freiem Bilirubin und Fall 2 bei Gesamtbilirubin). Wollen 
wir uns mit Werten begnugen, bei denen der Fehlcr 10 % im all- 
gemcinen nicht uberschreitet, so kdnncn wir bei der Bestimmung 
des Gesamtbilirubins das Rcagensglas B Avcglassen, wobei wir mit 
einer kleincn Blutmenge auskommen und die Untersuclumg sicli 
schnell ausfubren liisst. 

Aus der Tabelle ersehen wir ferncr, dass die mit der jetzt vor- 
gHegten und die mit dor friiheren Methode zur Bestimmung des 
Bilirubins gefundenen Werte in den allcrmcistcn Fallen iibercin- 
stimmen. Fur das freie Bilirubin erlialt man bcinahe die glcichcn 
Verte, die Mengen des Gesamtbilirubins sind im allgemcincn bei 
memer fruheren Methode etwas niedriger als die durch die Diazo- 
farbe festgeslellten. Die erwahnten Befunde sind dazu angelan, 
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Tabelle 1. 


D % = Trommelablesewert. A % = Biliruhin in mg %. 


D % 

A % 

D % 

A % 

D % 

A % 

8.0 

1.012 

8.1 

1.007 

8.2 

1.002 

8.3 


8.4 

0.992 

8.5 

0.987 

8.6 

0.983 

8.7 

0.978 

8.8 

0.973 

8.9 

0.969 

9.0 

0.965 

9.1 

0.960 

9.2 

0.955 

9.3 

0.951 

9.4 

0.947 

9.5 

0.943 

9.6 

0.939 

9.7 

0.934 

9.8 

0.930 

9.9 

0.926 

10.0 

0.922 

10.1 

0.918 

10.2 

0.914 

10.3 

0.910 

10.4 

0.907 

10.5 

0.903 

10.6 

0.899 

10.7 

0.895 

10.8 

0.891 

10.9 

0.888 

11.0 

0.884 

11.1 

0.880 

11.2 

0.877 

11.3 

0.873 

11.4 

0.870 

11.5 

0.866 - 

11.6 

0.863 

11.7 

0.859 

11.8 

0.856 

11.9 

0.853 

12.0 

0.849 

12.1 

0.846 

12.2 

0.843 

12.3 

0.839 

12.4 

0.836 

12.5 

0.833 

12.6 

0.830 

12.7 

0.826 

12.8 

0.823 

12.9 

0.820 

13.0 

0.817 

13.1 

0.814 

13.2 

0.811 

13.3 

0.808 

13.4 

0.805 

13.5 

0.802 

13.6 

0.799 

13.7 

0.796 

13.8 

0.793 

13.9 

0.790 

14.0 

0.787 

14.1 

0.785 

14.2 

0.782 

14.3 

0.779 

14.4 

■ 0.776 

14.5 

0.773 

14.6 

0.771 

14.7 

0.768 

14.8 

0.765 

14.9 

0.762 

15.0 

0.760 

15.1 

0.757 

15.2 

0.755 

15.3 

0.752 

15.4 

0.749 

15.5 

■ 0.747 

15.6 

0.744 

15.7 

0.742 

15.8 

0.739 

15.9 

0.736 

16.0 

0.734 

16.1 

0.731 

16.2 

0.729 

16.3 

0.726 

16.4 

0.724 

16.5 

0.722 

16.6 

0.719 

16.7 

0.717 

16.8 

0.714 

16.9 

0.712 

17.0 

0.710 

17.1 

0.707 

17.2 

0.705 

17.3 

0.703 

17.4 

0.700 

17.5 

0.698 

17.6 

0.696 

17.7 

0.693 

17.8 

0.691 

17.9 

0.689 

18.0 

0.687 

18.1 

0.685 

18.2 

0.682 

18.3 

0.680 

18.4 

0.678 

18.5 

0.676 

18.6 

0.674 

18.7 

0.6/1 

18.8 

0.669 

18.9 

0.667 

19.0 

0.665 

19.1 

0.663 

19.2 

0.661 

19.3 

0.659 

19.4 

0.657 

19.5 

0.655 

19.6 

0.653 

19.7 

0.651 

19.8 

0.649 

19.9 

0.647 
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(Tabelle 1 Forts.) 


D % 

A % 

D % 

A % 

D % 

A % 

51.0 

0.270 

51.5 


52.0 


52.5 

0.258 

53.0 


53.5 


54.0 

0.247 

54.5 

0.243 

55.0 


55.5 

0.236 

56.0 

0.232 

56.5 


57.0 

0.225 

57.5 


58.0 


58.5 

0.215 

59.0 


59.5 

0.208 

60.0 

0.205 

61.0 


62.0 

0.191 

63.0 

0.185 

64.0 


65.0 

0.173 

66.0 

0.166 

67.0 

0.160 

68.0 

0.154 

69.0 

0.149 

70.0 

0.143 

71.0 

0.137 

72.0 

0.132 

73.0 

0.126 

74.0 

0.121 

75.0 

0.115 

76.0 

0.110 

77.0 

0.105 

78.0 

0.099 

79.0 

0.094 

80.0 

0.089 

81.0 

0.084 

82.0 

0.079 

83.0 

0.075 

84.0 

0.070 

85.0 

0.065 

86.0 


87.0 

0.056 

88.0 

0.051 

89.0 

0,047 

90.0 

0.042 

91.0 

0,038 

92.0 

0.033 

•93.0 

0.029 

91.0 

0.025 

95.0 

0.020 

96.0 

0.016 

97.0 

0.012 

98.0 

0.008 

99.0 

0.004 

100.0 

0.000. 




die Zuverlassigkeit der angewandten Methoden in bedeutendem 
Masse zu erhdhen. 

Von der Diazoreaktion ist bei der Bestimmung des Bilirubins 
im Serum bereits fast ein Vierteljahrhundert Gebrauch gemaclit 
worden. Seitdem Hijmans van den Berg ^ seine Originalmetliode 
mitleilte, ist versucht worden, sie auf verschiedene Weise zu ver- 
bessern. Allen Methoden ist jedoch gemein, dass die Reaktiou im 
Serum selbst entweder als solchem Oder unter Zusatz gewisser 
Stoffe, wie Alkohol (Hijmans van den Berg) oder Koffein (Enri- 
ques 2), gemacht tvird. 

Wenn wir das oben vorgefiihrte Verfahren zur quantitativen 
Bestimmung des Bilirubins und die friiheren Methoden, bei denen 
die Diazoreaktion angewandt wird, miteinander vergleichen, so 
finden wir, dass sie sich vor allem darin unterscheiden, dass bei 


^ Der Gallenfarbstoff im Blute. Leipzig 1918. 

- Revista crit. di clin. med. Nr. 23 und 24. 1924. 
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alien fruher gebrauchlichen Bestimmungsmethoden das Bilirubin 
im Serum selbst bestimmt nurd, wahrend es bei meiner Metbode 
zuerst aus dem Serum ausgezogen wird, Meine Metbode kann 
sich mithin auf mehrere verschiedene Eigenschafteri des Bilirubins 
griinden. Erstens wird bei ihr berucksichtigt, dass sich das Bili- 
rubin aus Wasserlosungen von mehr als pH 5 vollstandig in Chloro- 
form lost, zweitens die Fahigkeit der Bilirubinsaure, wasserlosliche 
Alkalisalze zu bilden, drittens die Diazofarbe des Bilirubins und bei 
meiner fruheren Metbode seine eigene Farbe. Ausserdem beobachtet 
man bei der Metbode das fruher von mir im Serum konstatierte 
farblose, Diazoreaktion gebende Chromogen, das in seinen Eigen- 
schaften durchaus von dem Bilirubin abweicht, und die Lipochrom- 
farbstoffe des Serums. Alle friiheren Methoden bauen dagegen 
ausschliesslich auf der Diazofarbe des Bilirubins, und das von mir 
erwahnte Cbromogen ist bei ibnen nicbt beobachtet worden. Wird 
dem Serum noch eine Eiweiss fallende Substanz, wie Alkohol, zn 
gesetzt, so fallt mit ihr eine erhebliche Menge Bilirubin aus, wie 
von mehreren fruheren Forschern und auch von mir selbst in 
einer fruheren Verdffentlichung zusammen mit Leikola ^ gezeigt 
worden ist. 

Vergleichshalber habe ich noch Parallelbestimmungen nach der 
in letzter Zeit viel empfohlenen Methode von Jendrassik-Cleg- 
horn 2, bei der dem Serum vor der Diazoreaktion Koffein-Natrium- 
azetatlosung zugesetzt wird, und nach meiner eigenen oben be- 
schriebenen Methode ausgefiihrt. 

Ich fuhre zuerst die Ergebnisse in Ikterusfallen an, in denen 
die direkte Diazoreaktion im Blute negativ ist und kein Bilirubin 
in den Ham xibergeht. An Fallen, zu denen u. a. hamolytischer 
Ikterus gehdrt, enthalt mein Material wegen ihrer Seltenheit nur 
einige. Die Regel war, dass die mit der Jendrassik-CIeghornschen 
Methode festgestellten Werte kleiner, ja viel niedriger als die mit 
meiner obigen Methode gefundenen sind. Als Beispiel sei folgender 
Fall erwahnt: Exstinktionskoeffizient der Farbe des Serums 3.8, 
Bilirubin nach meiner Methode 2.7 mg % und nach Jendrassik- 
Cleghorn 0.55 mg %; trotzdem sich auch der Farbwert des Serums 
etwa vervierfacht hat, erhalten wir also mit der letztenvahnten 


I Acta raed. scandin. Vol. LXXVIII, Fasc. 1. 1932 
“ Biochem. Z. I, 1 und 239, 5—6, 483. 
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Mctlioclc einen normalen Bilirubinwert. Als ich in einer friiheren 
Vcroffenllichung i meine altcre Methode mit der Heilmeyerschen 
vergiicli, bci der die Diazoreaklion unmiltelbar im Serum nach 
Alkoholzusaiz gemaclil wird, bekam ich in Ikterusfallen ent- 
sprccliender Art dassclbc Resullat. Die Ergebnisse sind verstand- 
lich, ^Ycnn Avir l)edenken, dass die Diazoreaklion in diesen Fallen 
im Serum negaliv ist und der Koffein- oder Alkoholzusaiz walir- 
scheinlich nicht zu bewirken vermag, dass die ganze Bilirubin- 
menge mil einer Diazoreaklion reagierl, 

Zu einem ganz enlgcgengeselzlen Resullal gelangen wir, wcnn 
Galle in das Blul gedrungen ist, die direkle Diazoreaklion ist 
posiliv, und es Irill Bilirubin im Harn auf. Bei der Jendrassik- 
Cleghornschen IMelhode sind die Werle dann regelmassig holier als 
bei meiner Melhode, ja sie crreichen das Drei- bis Vierfache. Das- 
selbe Ergibnis slelll sich bei den Beslimmungen des Bilirubins in 
der GaJIe ein. Wie ich schon in der crwahnlen Vcroffenllichung 
gczeigl habe, crhall man auch in dieser Iklerusgruppe mil der 
Heilmeyerschen Melhode niedrigere Werle als mil meinem Ver- 
fahren, docli komtncn dieselben einander nahe. Worin liegt nun 
die Ursachc dazu, dass Zusalz von Koffein-Nalriumazelal die 
Inlensiliil der Diazofarbe verviclfachl? In dieser Hinsichl kann 
ich koine sichcre Erklarung gebcn, jedoch "sveise ich darauf bin, 
dass ich gezcigl zu habcn glaube, dass im Serum sogar grosse 
Mengcn eincs farblosen, Diazoreaklion gebenden Sloffes auftreten 
kdnnen, dcr kcin Bilirubin isl. 


Zusammenfassung. 

Im Jabre 1936 hal der Verfasser in dieser Zeilschrifl 0^°^- 
LXXXIX, Ease. V) eine Melhode zur quanlilaliven Beslimmung 
des Bilirubins milgeleill, bei der das Bilirubin aus der zu priifenden 
Fliissigkeit ausgezogcn und mit Hilfe seiner eigenen Farbe bestimmt 
wird. Nunmehr isl die Melhode dahin abgeandert worden, dass als 
Massstab die Diazofarbe des Bilirubins stall seiner eigene Farbe 
zur Verwendung kommt. Die Diazoreaklion wird nach der Extrak- 
tion in einer Chloroform-Alkoholmischung ausgefiihrt. Die nut 

^ Acta med. scandin. Vol. LXXXIX, Fasc. V. 193G. 
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der zuletzt angegebenen und die mit der friilieren Methode 
gefundenen Bilinibinwerte stimmen in den allermeisten Fallen 
gut iiberein. 

Vergleicht man die neue mit den friilieren Methoden, bei denen 
die Diazoreaktion unrnittelbar im Serum angestellt wird, so kann 
man konstatieren, dass die gefundenen Werte sogar stark von- 
einander abweichen. Die Unterschiede konnten teils erklart wer- 
den, teils Hess sicli wahrscheinlich machen, dass sie auf Fehlern in 
den friilieren Bestimmungsmethoden beruhen. 
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On the Clot-retraction of the blood. 

By 
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It lias long been known that coagulated blood after a space of 
lime separates into clot (cruor sanguinis) and serum. This phenom- 
enon, which is usually called the retraction of the coagulum, is 
undoubtedly of great biologic significance, because a thrombus 
that has closed a defect in an injured blood vessel will thus in 
short time become firm and solid and thereby ensure hemostasis. 

Under certain pathologic conditions the blood lacks, however, 
this power to retract. This was already observed in 1822 by two 
Edinburgh physicians, Duncan (1) and Johnstone (6), who, strange 
to say, had used venesection as treatment for some patients who, 
to judge from the description, must have had thrombopenic pur- 
pura. But not until many years after wms it showm, by Hayem (5), 
that the process of retraction depends chiefly on the blood platelets. 
Thus, reduced retraction is found both in diseases w’here the platelet 
count is diminished and in cases wdiere the thrombocytes are 
altered qualitatively, as in Glanzmann’s hereditary hemorrhagic 
thromboasthenia. 

Many Avorkers have therefore been interested in studying this 
retraction poAver of the coagulated blood, and several methods haA^e 
been employed in this study. The one most commonly used is 
Fonio’s (2), AAdiich consists in letting 1 cm^ of blood coagulate in a 
special glass tube AAuth an inside diameter of 5 mm and then letting 
it stand for tAA^enty-four hours at room temperature. At the end of 
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that time the distance from the upper level of the clot to the sur- 
face of the supernatant serum (normally 6—8 millimeters) is meas- 
ured. This is, of course, a very crude method ^ig. 1). ^ 
acceptable one is Macfarlane’s (9) which consists m pipetting 2 cm 
of blood into a graduated centrifuge tube, in the middle of which 




Fig, 2. — Diagram showing glass rod, cork, and graduated centrifuge tube, 
and method of removing clot to measure serum expressed. 


is placed a rod with a small sbuttono expansion at the lower end. 
After the tube has been standing in water bath for 1 hour at 37° C 
the coagulum will have settled on this rod, which is then withdrawn. 
The expressed fluid will remain in the tube, and its volume, which 
is a direct measure for the retraction, may be read off on the 
graduated scale (Fig, 2). 

Also MacFarlane’s method is open to some objections, though. 
In the first place, the coagulum as a rule adheres not only to the 
rod, but also to the wall of the tube, and therefore becomes torn 
to pieces when the rod is withdrawn. I have tried to avoid this by 
coating the inside of the tube with paraffin, but without great 
result. Another fault of the method is in my opinion the use of 
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blood. The normal retraction is namely 50 per cent of the quantity 
of blood, ^Yhlcb means tliat the volume of the clot is likewise 50 per 
cent. But four-fifths of tliis is derived from the blood corpuscles. It 
is therefore evident that the result in a verj" great measure must 
depend tin the cell-volume percentage, and it therefore becomes 
necessarj' to introduce a correction for this. Still another incon- 
venience is that the expressed fluid consists not only of serum, but 
also of blood corpuscles. Thus I found in one experiment with 2 cm^ 
of citrated blood and 0.5 cm^ of CaCb solution that of 1.6 cm^ of 
fluid expressed 0.3 cm^were crj'throcytes. 






II 



III lY 



Fig. 3. — Uclcrmination ol Uve retraction by the .Vutlior's method. 


It is therefore obviously better to use plasma instead of blood, 
especially if one wishes to study the process of retraction from a 
biochemical point of ^^e^v. For my experiments I used citrated 
blood produced by adding one part of a 3.7 per cent sodium citrate 
solution to four parts of blood. The blood was taken in the mor- 
ning, and bj' afternoon the corpuscles would then as a rule have 
sunk to the bottom, so that a sufficient quantity of plasma could 
be pipetted off. The procedure was then as follows. 

Two cubic centimeters of citrated plasma were pipetted into a 
graduated test tube with an inside diameter of 12 mm (a so-called 
Oluf Tliomsen tube), "whicb bad beforehand been paraffined on the 
inside by sluicing with a saturated solution of paraffin in ether. 
The tube was then allow'ed to stand for a couple of minutes in water 
bath at 37° C, whereupon 0.5 cm^ of a 1.5 per cent solution of 
CaCl 2 in water was added and the tube closed with a tight-fitting 
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india rubber cork after a small bit of gaze, 15 X 20 mm, had been 
placed inside it in such a manner that a snip was held fast between 
the tube and the cork. After the contents had been thorough y 
mixed, the tube was placed, inverted, in the incubator at 37 C 
(see Fig. 3). After 10 to 15 minutes, when the plasma had coagu- 
lated, it was again turned right side up and the clot would now 
have settled up by the cork, especially due to its adhering to the 



I I 1 ! I I I 

0 10 ‘^0 60 


Fig. 4. — Abscissa: Time, in minutes. Ordinate: the retraction measured in 

cubic centimeters. 

gaze, the presence of which had the further advantage that it 
furthered the coagulation, which otherwise was slow in the paraf- 
fined tube. 

Some time after the coagulation had taken place, the retraction 
would begin, and the expressed serum would collect at the bottom 
of the tube. Every 5 minutes it was noted down how much had col- 
lected; if any drops kept adhering to the clot a tap on the tube 
would cause them to flow down. In this manner a curve could be 
plotted which showed the dependence of the retraction upon the 
time. The curves are of a very uniform, characteristic appearance, 
but unfortunately the investigations are not marked by any great 
exactitude. Fig. 4 shows the results of ten experiments made w'ith 
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Table I. 


Percentage of calcium 
chloride in tlie citrated 
plasma. 

Time required for the 
expression of 2 cm’ of 
scrum (minutes) 

0.2 

58 

0.3 

44 

0.4 

45 

0.5 

50 

0.6 

62 


the same plasma; for the sake of readier survey only the highest 
and the lowest curve and the one representing the mean values 
are traced in. It will he seen that as long as the retraction is only 
beginning there are great variations between them; thus after 
twenty minutes the amount of serum expressed was in one case 
O.d cm^in another 1.7 cm®. One reason of this is that the clot in spite 
of the paraffin adheres to the wall of the tube, which may hinder the 
retraction temporarily. Often, too, a not inconsiderable quantity 
of expressed serum may be seen to be enclosed for a short time 
between the tube wall and the clot. When the latter has once be- 
come loosened it will as a rule rapidly contract, and as a result the 
curves will always end b}’’ running together. It was therefore 
found that even when the curves in the beginning lay widely separ- 
ated, the lime until the retraction had set in almost completely did 
not vary verj’^ much. Instead of using the volume of serum formed 
within a certain time as measure for the retraction of the clot, I 
have therefore preferred to use as measure the time required for the 
formation of 2 cm® of serum. Thus, the mean for the ten experiments 
just mentioned proved to be 32 minutes, with a standard deviation 
of 4 . 

. With the method here described I was able to study the influ- 
ence of diverse factors on the retraction, in the first place that of 
the calcium concentration. The results of this study are shovii in 
Table I, from which it will be seen that the retraction is greatest 
when the mixture contains 0.3 to 0.4 per cent of calcium chloride, 
while higher and lower concentrations give less retraction. 

Next, I obtained by centrifuging a series of plasma samples, 
each with different content of thrombocytes. Experiments with 
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Table II. 


The ellect of varying platelet count on ihc rclraclion^ 


Centrituging time 
at 3,500 rev./min. 
(minutes) 

Number ol platelets 
per mm* 

Amount oI serum 
expressed in 00 miu- 
ules (cm*) 

Clotting time 
(minutes). 

0 

200,000 

2.2 

3 «/, 

5 


2.2 

3 y, 

10 


1.8 

3 % 

20 


1.3 

•i y. 

30 

26,000 

0.1 

5 >/; 

CO 

5,000 

0.0 

6 11. 


Table III. 


The effect of varying platelet count on Ihc retraction. 


Number of pialclcls 
j)cr mm* 

Time required for the 
expression of 2 cm* of 
scrum (minutes) 

ClotUng-limc 

(minutes) 

356,000 

30 

2 */, 

213,000 

-15 

.1 

112,000 

60 

5 


10.5 

6 »(, 

5.000 

2.33 

8 


these showed lliat the rclracLion depended on llic number of plate- 
lets, and that it diminished in a particnlarly marked degree when 
the thrombocyte count in citrated pla.sma fell below 150,000. If we 
assume that the addition of citrate does not in any considerable 
degree alter the cell volume, the number of platelets in whole 
blood and in the native plasma may, on the basis of the platelet 
count in the citrated plasma, be calculated by the following formukc: 
Plasma volume per cent + 25 

Jqq X citrate plasma count = blood count; 

Blood count x 100 
Plasma volume per cent = 

The results of these experiments arc shown in 'lables II and III. 

If plasma is left standing at 37° C its power to retract becomes 
considerably reduced and ceases entireJ}’^ in the course of twenty- 
four hours, presumably because the platelets arc destroyed by 
standing; hut at the same time its coagulability, as said else- 
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Table IV. 

The dlecl of ^^landingai 370 C. and „i room temperature ( 2 i" C) on the 
coanulnhtli U 0 the nlnxmn nn,l n. - .. J:, •' 


Number or hours 
left sl.mdiiif; 

'I'ituc required for the 
expression of 2 cui= of 
serum (minutes) 

Clotting time (ntinulcs) 


ill 27'’ 

ill 21' 

at 37' 

at 21' 

0 

30 

30 

0 

0 

•1 

•18 

— 

1 % 

— 

s 

58 

— 

1 

2 % 

21 

indefinite 

30' 

1 

* 72 

3 >/, 


Avherc (8), increases (see 'Fable IV). Strange to say, the platelet 
count remains nearly unaltered, even after twenty-four hours. 

'Fhesc experiments, which confirm the findings of previous in- 
vestigators (3, 10, 11), show that the platelets play a considerable 
role for the retraction. But it is not their thrombokinase that has 
any influence in that respect, because precisely under those condi- 
tions (the standing at 37® C) the retraction diminishes when the 
coagulability increases, and, as shown before (8), this is due to the 
thrombokinase in the platelets being set free and passing over into 
the plasma. This was further shown by an experiment with plasma 
that had been centrifuged for one hour at 3,500 revolutions per 
minute and was in consequence practically platelet-free. It had 
therefore no pOAver to retract nor did it do so even when thrombo- 
kinase from brain tissue Avas added, AA’hich on the other hand con- 
siderably hastened the coagulation. 

The plasma’s ])0Avcr to retract is only slightly altered by tAventy- 
four hours’ stand at room temperature or in refrigerator; but it must 
be shaken A^ery thoroughl5% as otherAA’ise the platelets Avill clump 
together and sink to the bottom. 

SeA’^eral inA'estigators haA'c examined the clot in Amrious AA'ays 
under the microscope in order to study its structure (12). Spe- 
cially interesting are Tocantins’s (13) ultramicroscopic studies of the 
clotting of hemophilic plasma in moist chamber. He found that the 
first stage consists in the formation of fine fibrin threads, then the 
platelets clump together in the angles betAA'een these threads, and 
then the retraction begins. Figs. 5 and 6 shoAv photomicrographs 
of sections of clot from an ordinary plasma and from a plasma that 
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. Fig. 5. — Photomicrograph (oil-immersion) of fibrin clot 

been considerable retraction. 
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Table V. 

The clfecl of the librinogen concentration on the retraction (In each nf 

ments 0.6 cm- of 2 per cent calcium chloride and Ttem- 71 

platelets; ,n plasma were o/ plasma and serum sZkll 


Hard centrifuged 
citrated plasma 
(cm^) 

Citrated 
■serum (cm-) 

Percentage of 
fibrinogen in the 
mixture 

Time required lor the 
expression of 2 cm’ of 
serum (minutes) 

2.0 


0.33 

5G 

1.0 


0.18 

44 

0.5 

1.5 

0.11 

28 


has been made practically platelet-free by centrifuging. In the 
first, where there has been marked retraction, the fibrin threads 
are Ijdng roughly bundled together, forming a network with large 
meshes; in the second, where there has been no retraction, the 
fine threads lie isolated, without forming any di-stinct structure. 

As the clotting depends chiefly on the prothrombin, the throm- 
bokinase, the fibrinogen and the calcium concentration, it is 
reasonable to suppose that also the retraction is influenced by 
these factors. 

The role pla^^ed by the calcium and the thrombokinase has al- 
ready been mentioned. That of the fibrinogen was studied by means 
of a series of mixtures of hard centrifuged plasma and the corres- 
ponding scrum, to which were added suitable quantities of citrate. 
In this manner a number of solutions were obtained, containing 
different amounts of fibrinogen, but othenvise of the same compo- 
sition except as regards prothrombin and thrombin. That these two 
elements were not present in the same amount in all the solutions 
is probably of minor importance, though, inasmuch as the prothrom- 
bin in the process of clotting is converted into thrombin; and pro- 
vided that there is the same amount of thrombin in the serum as of 
prothrombin in the plasma, — which is not the case, though, the 
total amount of thrombin sliould then be the same in all the mixtu- 
res. To each of the latter there was then added the same quantity 
of an emulsion of platelets, whereupon the clot-retraction was 
tested. It was found that the retraction was greatest when the 
amount of fibrinogen — determined by Gram’s (4) method was 
smallest (Table V). The explanation of this is possibly the sponge- 
like structure of the precipitated fibrinogen, in the meshes of which 
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the serum is held. The larger these meshes are, the more difficult 
will it be for the sponge to hold back the serum, and the more easily 
will the retraction take place. 

r have not been able to make serial experiments with varying 
amounts of prothrombin, but I have examined the retraction in a 
number of patients with reduced prothrombin contents in the 
plasma (determined by Lehmann's (7) method). I found that a low 
prothrombin content does not have any effect on the retraction 
unless the clotting is very slow, which is only the case with ex- 
ceedingly low prothrombin values. If the clotting time is very 
long, however, the retraction, too, will begin late. This is the case, 
for instance, in hemophilia; but in such cases the clotting time may 
be shortened by the addition of tissue thrombokinase, wdiich does 
not affect the retraction; and it will then be seen that the clotting 
begins very soon, rvliereupon the clot retracts with normal speed. 

As might be expected, the retraction of the clot is very much 
dependent upon the temperature. As may be seen from Table VI, it 
is rapid 37® C, very slow at temperatures around the freezing point. 
It is further seen that the retraction is almost tlie same at 37° and 
at 30° C, which means that slight variations in the temperature of 
the water bath within these limits do not materially affect the 
results. 

Finally must be mentioned the results of studies on a scries 
of normal individuals. On the average, a retraction of 2 cm^ was 
reached in 30 minutes; forty minutes must, liowcver, be considered 
as the normal. Tlie diagram Fig. 7 shows the distribution in a nor- 
mal material. 

The method described in these pages may of course be modified 
if it should at at any time later be found of advantage, for instance 


l able VI. 


The effccl of the lempcraliirc on the rciraclion. 



Time reguired for ihc 
expression of 2 cm® of 
.scrum (minulc.s) 


2G 

28 

70 

M40 
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2 o 25 3 o 35 40 45 

~ Diagram showing the distribution of the retraction time in a normal 

material. — Abscissa: the retraction time. Ordinate: number of persons. 

in using blood or plasma the clotting of which is prevented by other 
means than those employed in the present experiments. It may 
also be used, of course, to study the dependence of the retraction on 
other factors such as, for instance, the salt concentration and the pH, 
An investigation of the latter, especially, might have been of interest; 
but as my experiments were carried out in a hospital laboratory I 
lacked the apparatus necessarj^ for the purpose. Of my results from 
the clinic, with this method, a report vill appear later elsewhere. 

Summary. 

After some brief remarks on the physiologic and clinical impor- 
tance of the clot-retraction of the blood and mention of diverse 
methods for the stud}"^ of this process, the author describes his own 
method of using citrated plasma, wdiich is recalcified, instead of 
blood, — a method which, as he shows, offers several advantages. 
His experiments resulted in the following observations: 

1) An excess of calcium chloride hinders the retraction. 

2) The retraction depends chiefly on the number of blood plate- 
lets in the plasma, and not on the thrombokinase. 

3) The retraction diminishes vdth increasing concentration of 
fibrinogen. 

4) ^¥hen the plasma is allowed to stand for a time at 37° C, 
its power to retract is reduced, whereas its coagulability increases. 

5) Within certain limits the retraction is independent of the 
plasma’s content of prothrombin. 

6) The retraction takes place much more rapidly at a tempera- 
ture about 37° C than at room- or lower temperatures. 
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7) Microscopic studies of the clots have shown that if retrac- 
tion has taken place the fibrin threads lie disposed in a characteristic 
reticular formation, otherwise not. . 


My grateful acknowledgment is due to the Trustees of the Miss 
P. A. Brandt Fund for placing at my disposal the apparatus used 
for the experiments described in this paper. 
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Mumps meningitis and meningo-encephalitis. 
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Tins paper wll deal the cases of murnps meningitis and 
some cases of mumps meningo-encephalitis that have been under 
treatment in the Frederiksberg Hospital in the period from October 
1941 to May 1942 inclusive. 

According to the literature, serous meningitis associated with 
mumps is a rather infrequent occurrence. The frequency is stated to 
vary in the various epidemics and countries from 0 to 10 per cent 
of the total number of patients attacked by mumps (1, 5, 8, 13, 17, 
19). In Stockholm this constellation was observed only in 10 cases 
during the period of 1924 — ^34, and then in 70 cases in 1936 — 40, 
vith no less than 24 cases in 1940 (2). The Danish Public Health 
Statistics give no information about this form of meningitis, and 
only a few cases have been reported in this country (11, 12, 15, 18). 
It seemed reasonable to assume, however, that the lesion is some- 
what more frequent than given in the literature, as it may take 
such a mild course that meningitis cannot be diagnosed with cer- 
tainty unless the spinal fluid is examined (7). Further, cases have 
been reported that show indisputably that serous meningitis may 
be the first and only clinical manifestation of an infection Avith the 
virus of epidemic parotitis (2, 3, 4, 16, 20, 22). The etiology of 
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the serous meningitis may readily remain obscure if attention is 
not paid to. the possibility of infection with the virus of mumps. 

As is well known, the virus Avhich brings about the appearance of 
mumps attacks preferably the salivary glands, pancreas and gonads, 
less frequently the meninges, brain and peripheral nerves. In a 
greater majority of cases the course of the infection is characterized 
by the swelling of the parotid gland, which has given the disease 
its name. When other organs are attacked it usually happens after 
the parotitis has persisted for some length of time. Thus the menin- 
gitic symptoms are said to appear within 14 days after the onset of 
mumps, occasionally even later. The symptoms are the usual pres- 
sure phenomena, headache, dizziness, nausea and vomiting, ac- 
companied by elevation of the temperature to 38 — '10° C. There 
is rigidity of the neck, and many authors state that Kernig’s sign is 
present. Lumbar puncture shows either a normal or increased 
pressure, and the spinal fluid shows a more or less pronounced 
pleocytosis, the highest number of cells recorded being 2500 per 
cm^ (6). The cells are mostly mononuclears, but, as in other forms 
of lymphocytic meningitis, polynucleosis may be present early in 
the disease (8, 9, 22). The protein reactions are normal and the 
glucose concentration is normal or slightly increased. Cultures from 
the spinal fluid show no growth. 

As a rule, the disease takes a mild course, only very rarely ter- 
minating fatally. It is the concensus of opinion that there is only 
slight agreement, or none at all, between the intensity of the clinical 
symptoms and the pleocytosis of the spinal fluid. The temperature 
usually subsides to normal level in 4 — 6 days, and the patient is 
rapidly free from symptoms. Thus the prognosis quoad vitam is 
good in the acute stage of the disease, but how the patients get 
along subsequently is still an open question, as no follow-up inves- 
tigation has been reported that shows whether mumps meningitis 
may later turn into a chronic meningitis. 

The diagnosis is easyin thepresence of parotid. swelling or orchitis, 
but otherwise it has to be made by exclusion and through a care- 
ful anamnesis, which may give a good deal of differential diagnostic 
difficulties, as besides mumps meningitis one has to consider other 
forms of lymphocytic meningitis, c. g., aparalytic polymyclitis, 
tuberculous, meningitis, zoster meningitis without zoster, abortive 
encephalitis taking a course like that of serous meningitis without 
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symptoms of encephalitis.the serous meningitis ofWeil’s disease, and 
septic meningitis as a phenomenon of intoxication in septic con- 
ditions. 

If the brain is involved the cases are usually more severe, more 
frequently associated with dizziness, drowsiness, pareses and 
reflex and sensory disturbances. Often the border-line between 
mumps meningitis and mumps encephalitis cannot be drawn, and 
hence the designation miimps meningo-cncephalUis is employed by 
many authors. The pleocytosis of the spinal fluid behaves quan- 
titatively and qualitatively as in the meningitis, but perhaps it is 
not quite so pronounced in the more encephalitic cases. The protein 
reactions show slightly increased values. The encephalitic affection 
is more protracted, and its prognosis is less favorable; for instance, 
permanent defects may remain in the form of acoustic or optic 
atrophy (4, 10, 13, 21). 

MyelUis is a very rare sequela of mumps. Peripheral neuritis, 
in various forms, is seen somewhat more frequently, though pre- 
sumably due to a meningo-radiculitis resulting from the meningitis. 
Menial disturbances may occur, most often in connection with 
orchitis, in the form of acute (febrile) delirium, hallucinations and, 
thougli rarely, manic or depressive conditions (14). 

In Dep. E of the Frederiksberg Hospital, which receives patients 
from the municipality of Frederiksberg and from Copenhagen 
County, with a total population of about 333,000, no instance of 
mumps meningitis was seen from the erection of this department in 
1939 to the outbreak of the mumps epidemic in the winter of 1941 — 
42. According to the report from the City Board of Health, from 
28/9/41 to 30/5/1942 there occurred altogether 7820 cases of acute 
epidemic parotitis in the district of this department. Within this 
period 106 cases of mumps meningitis were admitted to Dep. E, 
i. e., 1.34 % of the total registered number of cases of mumps. Table 
1 gives the age and sex distribution of these 106 meningitis patients. 

From Table 1 it is seen that of the 106 patients 62 (58 %) were 
under 16 years, and of the total number of patients the males are 
decidedly in the majority, making two-thirds of the total. In this 
connection it may be mentioned that in the abovementioned 
material of 70 patients "with mumps meningitis from the St. Erik s 
Hospital, Stockholm, Ahlberg (2) found 70 % of the patients to be 
over 15 years. 
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Table 1. 

Age and Sex Disiribuiion 0 / 106 Patients with Mumps Meningitis . 


Age 

Wale 

Female 

Total 


13 

6 

IQ] 

31 > 58% 

12 

18 

7 

9 

3 

4 

2 

1 

fi 10 

24 

7 

t1 - 

7 

5 

10 ?0 

13 

5 

91 9^ 

3 

4 


6 

3 

ai s.'i 

0 

3 

Sfi 40 

2 

2 

41 4.'i . .. 

2 

0 

46 50 

0 

1 




Total 

70 (66 %) 

36 (34 %) 

106 



Fig. 1. Clironologica] distribution of epidemic parotitis and mumps meningitis 
in tlie mumps epidemic of 1941 — 42. 

|Wi: Cases of epidemic parotitis (notified cases per 'week in the district), 
m.- Mumps m.eningitis (number of admitted cases per week x 10)— numbers 
given in brackets along the ordinate. 

Fig. 1 gives a graphic presentation of the chronological occur- 
rence and the numerical proportion between the incidence of epidemic 
parotitis and that of mumps meningitis. For the sake of space, in the 
plotting of the numbers of cases, the incidence of meningitis is 
magnified 10 times in relation to that of parotitis. 

Fig. 1 shoiys that the number of .admitted meningitic patients 
increases in fair agreement with the; increasing parotitis epidemic, 
the incidence of the two lesions culminating practically.';, at the same 
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time. On the other hand, the incidence of meningitis decreases more 
slowly than does the epidemic, suggesting that in the course of the 
epidemic the virus has a gradually increasing tendency to attack the 
meninges. The indications for the performing of lumbar puncture 
were not changed during the period in question. 

Of the 106 patients with serous meningitis, 77 had positively 
been exposed to infection with mumps. The anamnesis was practic- 
ally the same for all the patients; As a rule, an abrupt rise in tem- 
perature to 39 — 40°, accompanied by headache (most often frontal) 
with nausea and vomiting, in some cases with dizziness, too, follow- 
ed soon after by pain in the back and neck, often with difficultyin 
sitting up in bed. In the younger children, as seen so often, the 
symptoms commenced with pain in the abdomen, and this symptom 
occurred in a few adult patients, too (pancreatitis). The general 
condition of the patients was good; and the}' were not confused, 
anxious, screaming, smacking their lips, grimacing or gnashing 
their teeth. A few patients presented a rapidly subsiding vaso- 
lability with complete or partial redness of the face or neck, to- 
gether vith dermographism. No disturbances of the cranial ner\'es 
were observed, apart from a slight mydriasis in a few cases. No 
pareses or reflex disturbances could be demonstrated. Examination 
of the sensibility could not be carried through consistently. The 
most inportant clinical sjTUptom, however, has been the rigidity of 
the neck and back, which was present in ever}' case. 

The disease took invariably a mild course. Here in the hospital 
the patients have all been clear and orientated, with no sign of 
anxiety or mental disturbances. The chief complaints have heen 
headache, nausea and, occasionally, dizziness, besides some pain in 
the neck and back on movements. 

In the great majority of these cases the meningitic symptoms 
commenced 2 — 8 days after the appearance, of the parotid swelling 
— in 3 patients, however, not until respectively 15, 15 and 20 days 
after. The last-mentioned 3 patients had parotid sweUing for 3 8 
days, and then they were sympom-free till the meningitic symptoms 
commenced. In 3 other patients the meningitis commenced on the 
same day as the swelling of the parotid. Finally, 3 patients had 
meningeal complaints respectively, 2, 2 and 9 days 6e/ore the swell- 
ing of the parotid; only in one of these cases did we have an opportu- 
nity to perform lumbar puncture — on the day before the appear- 
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ance of the swelling of the parotid — in order to establish the 
diagnosis of serous meningitis. 

In 5 of the patients with serous meningitis ho affcdion of the 
paroiid or other salivary gland could be ascertained, neither clinically 
nor anamnestically. All five patients have positively been exposed 
to affection with mumps and the meningitis made its appearance 
within the incubation period. Two additional patients without 
parotid swelling had probably, but not quite certainly, been ex- 
posed to an infection. 

The temperature fell off by lysis in 2 — 12 days. The headache 
has lasted 1 — 12 days; in many cases its duration was abrogated 
after lumbar puncture, and when the headache returned, a repeti- 
tion of the lumbar puncture gave almost instantaneous relief — 
especially in patients in whom the spinal fluid pressure was in- 
creased. On the other hand, the lumbar puncture had no effect on 
the duration of the fever. The rigidity of the neck usually subsided 
within a few days, whereas rigidity of the back lasted longer, sub- 
siding most often in 7 — 18 days. With the exception of 7, all the 
patients were discharged as well about 3 weeks after admission. 
None of the patients died. 

All the meningitic patients but one were submitted to lumbar 
puncture immediately after their admission. Of these 105 patients 
73 were repunctured 8 days later, and 36 of the latter were punc- 
tured again a week later. The cell count of the spinal fluid was 
invariably ascertained within 1 — 2 hours after the puncture. At 
the same time some of the fluid was set aside for glucose determina- 
tion, which was invariably carried out after the Hagedorn-Norman 
Jensen method, NaOH and ZnS 04 being added at once, followed by 
boiling, and then the analysis was continued later on. Examina- 
tion of the spinal fluid showed the following features: 

. Pressure (Claude manometer); A good many of the measure- 
ments are uncertain or worthless, on account of the restlessness and 
tightening presented by many of the patients — often by the child- 
ren. In about 75 % of the patients, however, the pressure was 
found to be 200 mm water-pressure or more, and in a few patients 

who kept perfectly quiet it reached up to 500 mm water-pres- 
sure. 

Cell count (Fuchs-Rosenthaks counting chamber); All the 105 
punctured patients showed pleocytosis, but no relation could be 
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demonstrated hetween the degree of the pleocytosis and the inten- 
sity of the clinical symptoms. 

The cell count in the spinal fluid on admission of the patients is 

recorded m Table 2. (Lumbar puncture was not performed in 1 
case.) 


Table 2. 

Cell Count in the Spinal Fluid; Puncture performed immediately after Admission. 
Cell count per mm® No. of cases 


0— 25/3 


26— 50/3 

3 . 

51— 100/3 

6 . 

101— 200/3 

14 

201— 300/3 

9 

301— 400/3 

10 

401— 500/3 

6 

501— 750/3 

16 

751—1000/3 

10 

1001—1500/3 

7 

1501—2000/3 

S 

2001—3000/3 


3001—1000/3 

3 

4001—5000/3 

0 

5001— GOOO/3 



....| 15.2%.... 

• 52.4%.... 




> 



77.1 % 


Total 105 


From Tabic 2 it Avill be noticed that about three-fourths of the 
patients showed a cell count under 1000/3; about one-half of the 
patients showed less than 500/3, and 15.2 % (16 cases) showed under 
100/3. The highest cell count observed was 5203/3. The normal limit 
is reckoned to be 10/3 cells. 

A differential count of the cells showed a great preponderance 
of mononuclears. In a few cases, however, a few percent of poly- 
nuclear cells were seen, most often early in the disease. 

It is to be mentioned that of the total 110 cases of mumps 
without meningeal symptoms under treatment at the same time 
in Dep. E, lumbar puncture was performed on 17 without showing 
any pleocytosis in the spinal fluid (i. e. the cell count did not exceed 
10/3). Further, in 5 mumps patients with meningeal phenomena 
and rigidity of the neck, the spinal fluid pressure was increased in 
2 cases but the spinal fluid was otherwise/uormal. ; ■ . . f 
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In the cases where lumbar puncture was repeated an attempt 
has been made to follow the decrease in the pleocytosis as shown in 

From Fig. 2 it will be noticed that the decrease in the cell 
count at first was abrupt. later more slow, and present in a moderate 
degree even after 3 weeks of illness. 
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Fig. 2. Decrease in pleocytosis of the spinal fluid as ascertained on repe- 
tition of lumbar puncture. 

The albumin and globulin values were normal or slightly increas- 
ed: in 18 cases the albumin value was greater than 10 (20 in 16 
cases, 30 in 2); in 23 cases the globulin value was found to be 2, in 
the rest of the cases, 1 . 

The spinal fluid sugar concentration was normal (45 — 60 mg %) 
in 65 % of the cases, between 60 and 80 mg % in 30 % of the cases> 
and aboye 80 mg % in more than-.5 % of the cases. 
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Cultures from 64 specimens of spinal fluid on blood agar and 
ascitis fluid agar showed no growth; no cultures were made from 
the remaining 42 specimens. 

Examination for urinary dias/ase(W’'ohlgemuth-FabriciusM 0 ller’s 
method) on the day ater admission in 83 cases gave a normal value 
(< 200) in 23 % of the cases, a doubtful increase (200—300) in 
25 %, whereas in the remaining 52 % of the cases the value was posi- 
tively increased (300 — 600); in 3 cases it was even 1200. 

Of the 70 male patients 10 had also orchitis; of the 36 female 
patients, only 1 had oophoritis — that is, the gonads were affected 
in altogether 10.4 % of the cases. 

The prognosis appears to be good. From 50 answers to about 70 
enquiries it is evident that 47 of these patients w^ere feeling perfectly 
well 1 — 6 months after their discharge from the hospital and after 
the recommended recreation, usually of short duration. On re- 
examination 1 month after discharge, 1 patient presented signs of 
marked neurasthenia, but undoubtedly this represented an aggra- 
vation of a constitutional affection; 2 and 3 % months after their 
discharge, two other patients complained of tiredness, headache, 
palpitation of the heart, anxiety and emotional instability, prob- 
ably because their poor social conditions had precluded any recrea- 
tion. At the reexamination, none of these 3 patients showed any 
sign of encephalitis. 

Besides the above-mentioned cases of mumps meningitis, 
in the same period 5 patients w'ere admitted with mumps meningo- 
encephalitis: 4 male respectively 7, 8, 17 and 43 years old, and 1 
female of 26 years. 

Of these 5 patients, 4 had sAvelling of the parotid when the 
entered the hospital. In these patients the clinical picture was 
more serious than in the preceding group of meningitic patients. All 
5 patients had distinct meningeal symptoms, and at the same time 
they were hazy and drowsy, one "with smacking of the lips, grimacing 
and complete loss of consciousness, and one was markedly psycho- 
tic on admission with motor restlessness, haziness, twaddle, and 
marked retrograde amnesia. In these patients the illness took a 
more protracted course, except for the highly acute phase due to 
the meningitis; the headache Avas more persistent, the temperature 
subsided more slowly. One patient was subfebrile for about 2 
months after an interval of two weeks immediately after the menin- 
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gitis, when the temperature was normal and tlie patient was feeling 
■well. In the more chronic (encephalitic) phase, slight isolated pare- 
sis (central facial paresis) developed in 2 cases; one patient had 
transitory dimness of vision and diplopia; one patient had a tem- 
porary impairment of the hearing. The chief complaint common to 
all of them was a very pronounced tiredness. 

The spinal fluid was examined every week, wuth the follow- 
ing findings: 

The pressure was slightly increased, as in meningitis. 

The pleocijiosis showed no relation whatever to the clinical 
picture of the cases. In the case of one patient (aged 43, wdth 
psychosis) there was occasion to examine the spinal fluid through 
a considerable length of time, and here the cell count W'as increased 
(26/3) as long as 12 weeks after the onset of illness. The albumin 
reactions were moderately increased. 

The spinal fluid sugar conceniralion was normal. 

Culimes showed no growth. 

As to the prognosis nothing definite can be said on the basis of 
such a small material and with such a short observation period 
(4 — 5 months). One patient (17 years old) died of an intercurrent 
sepsis 8 days after admission. In the remaining cases one or more 
symptoms of the encephalitis persisted, even though there was 
some improvement. The psychotic patient was still under treat- 
ment in the Psychiatric Department 6 months after the onset of 
illness; he has continuously been hazy, sometimes restless, with 
impairment of memory and impressionability; he is aAvare of his con- 
dition and greatly impressed on this account. The neurologist and 
psychiatrist think his psychosis is due to the mumps encephalitis. 

Discussion. 

Is has been mentioned already that the designation meningo- 
encephalitis by many authors is applied to all cases in which the 
central nervous system is attacked by the virus of mumps. The 
basis for this has been the experience that mumps encephalitis is 
always accompanied by a serous meningitis. Neither clinically nor 
pathologic-anatomically, however, is there- any definite evidence to 
the effect that mumps meningitis always is accompanied by encepha- 
litis. To us it seemed- preferable, therefore, to employ the term 
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mumps meningitis in the cases presenting clinical signs of menin- 
gitis alone, while the designation mumps meningo encephalitis is 
applied to patients who, besides meningitis, show clinical signs of 
encephalitis, too. 

In the present epidemic not only the morbidity has been extra- 
ordinarily high, but also the number of patients with involvement 
of the central nervous system appears to have been strikingly great. 
Further,- there is also a great deal of evidence to the effect that, in 
particular, orchitis and also pancreatitis have been more frequent 
than usual, but this cannot be decided with certainty as mumps 
ordinarily is not reckoned -as a cause for hospitalization; only in the 
presence of the more alarming symptoms of meningitis and orchitis 
are the patients admitted with mumps. As to the cause of the 
character of the present epidemic, nothing can be said except that 
it must be due to a strain of virus with neurotropic as well as gona- 
dotropic and pancreatropic properties. The neurotropic property 
is evident from the fact that in 8 months no less than 106 patients 
were admitted to Dep. E for mumps meningitis — i. e,, 1.34 % 
of the 7820 cases of acute epidemic parotitis notified from the 
district of this department. This figure cannot be taken as an 
expression of the actual frequency of meningitis, however, as in 
mild cases the meningitis diagnosis may be difficult to make with- 
out lumbar puncture. In some of our patients with headache and an 
insignificant rigidity of the back, lumbar puncture has revealed a 
definite pleocytosis in the spinal fluid. Several cases of this kind 
may remain undiagnosed in practice, and most likely no physician 
is summoned in such cases, so that they are not included in any 
notification. It is reasonable to assume, moreover, that several cases 
of meningitis have been diagnosed at the home of the patients, but 
they are notified as cases of mumps, as mumps meningitis is not 
specified among the lesions which the physicians have to notify the 
City Board of Health. So our material i^ not comparable with the 
statistics from other places where the meningitis morbidity has been 
up to 10 %, as these figures originate from schools or army barracks, 
where every person attacked is hospitalized and examined vitha 
special vieAv to the ptesence of meningitis. 

Over 50 % of our 111 patients vdth meningitis and encephalitis 
show’ed an unquestionable increase in the value for urinary diastase, 
and about 10 % had orchitis (1 had oophoritis). Among the 110 
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mumps patients admitted without affection of the central nervous 
system the corresponding figures were about tlie same. From the 
total mumps material it appears as if, next to the parotid gland, 
the pancreas was the organ most frequently attacked, then the 
gonads, then the meninges, and, least frequently, the brain. 

It is rather surprising how little these meningitis patients were 
affected in spite of the greatly increased cell count in the spinal 
fluid. They were all perfectly clear, and only a few of them have 
been drowsing a little, but none of them presented any signs of the 
hyperesthesia or motor restlessness that are so characteistic of 
purulent and tuberculous meningitis. The most reliable symptom 
of meningitis, rigidity of the back, was present in all the patients. 
This symptom is always more pronounced than rigidity of the neck, 
and not infrequently has a patient presented a distinct rigidity of 
the back and no rigidity of the neck. This might be taken to indi- 
cate that mumps meningitis is predominantly a spinal meninitis, 
as rigidity of the neck is most conspicuous in basal meningitis. It is 
to be mentioned, too, that Kernig’s sign has been demonstrable but 
rarely, notwithstanding a rather pronounced rigidity of tlie back 
and neck. 

In contrast to the meningitis, the meningo-encephalitis is a 
serious disease, altliough we shall not venture to say anything about 
the prognosis with such a small patient material and such a short 
observation period as in our cases. As far as may be judged from 
a review of the available literature, the instance of psychosis here 
described is rather unique in character. Ratlier protracted psycho- 
sis has been observed in a few other cases as manic or depressive 
states, whereas delirium and haziness have been of fairly brief 
duration. Our patient is able himself to perceive and judge of his 
own phenomena of haziness, restlessness and dementia-like symp- 
toms. 

On autopsy of the one encephalitis patient who died of an inter- 
current sepsis of unknown origin, the findings were stamped by the 
bacterial infection to such an extent as to preclude any definite 
conclusions from the autopsy findings; in keeping with the diagno- 
sis encephalitis, however, there was oedema of the brain. Further, 
microscopic changes were demonstrated in the parotid, correspond- 
ing to the changes usually found in mumps althoiigli this patient 
had not had any clinically demonstrable swelling of tlie parotid. As 
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our material includes 5 unquestionable and 2 less certain cases of 
mumps meningitis without swelling of the parotid, the question as 
to whether an affection of the parotid has been present, butmerly 
not clinically demonstrable, has to be taken under consideration. 

Still, in 3 of the patients the meningitis was demonstrably present 

respectively 2, 3 and 9 days before the swelling of the parotid appear- 
ed; and in one of these cases, moreover, the diagnosis of meningitis 
was verified by lumbar puncture on the day prior to the appearance 
of the parotid swelling, while in the two other cases the diagnosis 
was made clinically by the family physicians who sent the patients 
to the hospital. Such cases of mumps meningitis before or without 
any clinically demonstrable swelling of the parotid has been de- 
scribed only in a few cases in the literature, where the meningitis 
usually is reckoned as a ))compIication» of the mumps. From a cli- 
nical point of view, in our opinion, it seems more reasonable to look 
upon the mumps meningitis as a concurrent, sometimes primary, 
manifestation of the same virus infection. 

Summary. 

The material comprises 106 patients with mumps meningitis 
and 5 patients with mumps meningo-encephalitis. 

In a greater majority of these cases the meningitic symptoms 
commenced 2 — 8 days after the appearance of tlie parotid sw'elling, 
in 3 patients respectively 15, 15 and 24 days after. Meningeal com- 
plaints prior to the sAvelling of the parotids -were recorded in 3 cases, 
in one of which the diagnosis meningitis was verified by lumbar 
puncture on the day before the swelling of the parotids. In 5 pati- 
ents it was impossible, clinically as well as anamnestically, to de- 
monstrate any lesion of the parotid or other salivary gland, but all 5 
patients had positively been exposed to the infection. 

The most reliable symptoms of a serous meningitis are rigidity 
of the back and pleocytosis in the spinal fluid (monocjTosis). The 
highest cell count in the spinal fluid wms 5203/3 per mm^. The 
course of the disease has been mild and most of the patients were 
discharged from the hospital as recovered, 3 wrecks after admis- 
sion. 

On reexamination of 47 patients, all were found to be well (obser- 
vation period 1 — 6 months). 
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The meningo-encephalitis is a far more serious affection which 
may give permanent impairment in the form of isolated pareses 
or psychosis (observation period up to 5 months). 

The authors do not look upon mumps meningitis or meningo- 
encephalitis as complications of acute epidemic parotitis, but take 
them to be concurrent, often primary, manifestations of the same 
virus infection. 
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Cardiac neurosis (neurosis cordis) is generally taken to signify a 
condition encountered in ncr\mus astlienic persons that is characte- 
rized ])y a labile heart action. As a rule, these patients present no 
abnormality on examination of the heart, nor on roentgenography 
or electrocardiography. It is looked upon as an unimportant sym- 
ptom complex in some neurasthcnic.s. There appears to be a gradual 
transition, however, from this simple cardiac neurosis to more mas- 
sive cardiac paroxysms which may perhaps be designated as neu- 
rosis cordis organica. 

Under the term organic cardiac neurosis I include all cases pre- 
senting transitory changes in the neuromuscular system of the 
heart — changes that may be more or less demonstrable. The 
most characteristic cases are the ones that show distinct electro- 
cardiographic changes during an attack, whereas the electrocardio- 
gram is perfectly normal outside the attacks. Paroxysmal tachy- 
cardia may be set up as prototype of this affection. Other examples 
are found in transitory cxtrasy'^stolia, auricular fibrillation and auri- 
cular flutter. It looks, however, as if many different electrocardio- 
graphic changes, may be represented in this group of lesions 
changes which ordinarily are taken to be very massive and yet they 


^ Read before the Medical Society of Funen on Match 22, 1942. 
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may surprise the clinician by disappearing spontaneously in parti- 
cularly favorable cases. Previously, in Ugcskrift for Lseger, 1938, I 
have reported an instance of transitory heart block, of which we 
are unable to find any other explanation than that it was of neuro- 
genic-reflex nature. This case is not unique, some cases of the same 
kind having been described in the literature, though not many, 
for it still seems to be an infrequent phenomenon that such a severe 
morbid change appears as an entirely paroxysmal feature. 

It is characteristic of the group of lesions I shall mention that the 
cardiac paroxysms involved are seen most often in young persons 
whose heart in the clear-cut cases is not ailing at all; but, of course, it 
is also seen as a complication of more serious heart lesions. When 
this group of affections has attracted my interest, it is partly be- 
cause it is more frequent and more important than generally 
assumed, and partly because it implies tlie pleasant possibility' 
that the patient may recover completely — something we other- 
wise are not used to see very often in dealing with heart lesions. 

r shall briefly review the case histories of some patients who have 
been admitted to the Medical Department of the Svendborg County 
and City Hospital, and in doing this I shall disregard the quite ordi- 
nary and well-known cardiac paroxysms. 


Case 1. 

This patient is an unmarried woman of 50 years who had been very ner- 
vous for the last couple of years, with indefinite cardiac complaints for which 
she had been treated with many kinds of remedies. In the last six months 
the symptoms have become more characteristic, with functional dyspnea 
and tendency to oedema of the legs in the evening. 

Ordinary physical examination presented no definite abnormality, but the 
electrocardiograms showed the typical picture of bundle branch block with 
preponderance of the left side. She was treated with rest in bed and theo- 
bromin. When she had stayed in the hospital 10 days, the diuresis suddenly 
increased from about 600 cm® to almost 2000, at which level it kept for some 
days and then fell oft again to a normal level. The examination was repeated 
but revealed no abnormality. On the other hand, a new electrocardiogram 
showed that the bundle branch block had disappeared. There was still pre- 
ponderance of the left side, but no definite signs of degeneration. This 
state remained unchanged. 

From the day when the diuresis commenced to rise, the patient looked 
considerably more healthy than before. When later she was permitted to get 
np, she had no longer any heart symptoms, the functional dyspnea had 
subsided, and there was no tendency to oedema of the legs. She ivas feeling 
22 — Ada med. scandinav. Vo/. CXII. 
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perfectly well when she was discharged from the hospital, with instruction 
about returning if the s 5 TOptoms turned up again. 

So the diagnosis was; Transitory bundle branch block of unknown 
origin. 

Unfortunately, she was indignant about the treatment given her in our 
department. Half a year later she was admitted to the Department ol Sur- 
gery , and now she again had bundle branch block, which remained constant. 

Case 2. 

This patient was an unmarried cowman, 34 years old, with a past his- 
tory of good health. Eight months before admission he had commenced 
to be troubled a little by functional dyspnea; in addition, he had almost 
daily some attacks of cardiac discomfort that would come apparently 
without any cause. One of these attacks had been so severe that he fainted, 
on which account he had been admitted to the Middelfart Hospital for 
some weeks. He had kept to his bed some days before his admission to our 
department. 

On admission he appeared to be greatly exhausted, dyspneic and cyano- 
tic, with threatening oedema of the lungs and pronounced congestion of 
the liver. The heart was greatly dilated, with ictus in the axilla. The heart 
action was 120, regular. An energetic stimulating therapy was instituted, 
under which he improved surprisingly rapidly. Four days after the institu- 
tion of treatment, there were no longer any demonstrable phenomena of 
stasis, and roentgenography showed the heart to be normal in form and size. 

Electrocardiography during the attack showed regular tachycardia, 
120 beats per minute, strikingly small, initial complexes, left-sided pre- 
ponderance and iso-electric T waves. Subsequent electrocardiograms 
showed a left-sided preponderance, but otherwise fair initial complexes, iso- 
electric Ti and negative Tj and T 3 ; now and then, a ventricular extrasystole. 

On enquiry at the Middelfart Hospital it was found that the attack he 
had had 4 months before was precisely like the one described here. This 
goes strongly against the possibility of myocarditis or coronary throm- 
bosis; and the sedimentation rate was only 3 mm. With the le ions men- 
tioned, indeed, such a rapid and complete restitution was not to be expected. 

The diagnosis was therefore: Cardiac paroxysm of unknown nature 
and origin. He had no cardiac symptoms whatever at his discharge from 
the hospital, and recently, that is, about half a year after his discharge, 
he was seen to make one of the steepest hills of the toum on his bicycle. 


Case 3. 

This patient is a woman, aged 33, married to a painter. 

One year ago she had an attack of rheumatic fever for which she was 
treated at home through two months. Since then, she has been troubled 
with palpitation of the heart and functional dyspnea. She has recentl}^ 
gone through pregnancy without any real aggravation of the symptoms- 
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The parturition took place in a hospital. On account of her heart lesion, 
cesarean section was performed in the 8th month, and tubal sterilization was 
performed at the same time. There were no cardiac phenomena m connec- 
tion with the parturition, hut two weeks later she began to have an 
uncharacteristic attack of oppression in the chest, dyspnea and anxiety, 
on which account she Avas transferred to the Medical Dep. of the Svendborg 
Hospital. 

On admission to this department she was found to be a little dyspneic 
and cyanotic. The heart action varied betAveen 100 and 140, wdth several 
extrasystoles periodically, but otherwise no particular abnormality. No 
signs of stasis. After she had been here three days she had a typical attack of 
paroxysmal tachycardia, but it subsided again before it could be registered. 
Electrocardiography showed regular tacliycardia, with about 100 beats 
per minute, negative Tn and Ta and a few ventricular extrasystoles. As she 
Avas continually troubled by her attacks she Avas tentaliA^ely giA^en chinidin 
(0.10 X 3). After this, her complaint subsided completely, and she could 
be discharged tAvo Aveeks later. At that time there Avas no sign of any heart 
lesion. The eletrocardiogram Avas perfectly normal except for a negatiA’C 
Ta; and roentgenography shoAA^ed the heart to be normal in form and size. 

The diagnosis Avas, therefore; Cardiac paroxysm of unknoAvn origin. 
After the disappearance of these paroxysms her heart has to be regarded 
as normal. 

Her case illustrates the importance of being acqu:.inted A\dih this group 
of lesions. She might perhaps have avoided the cesarean section and 
sterilization. 

Case 4. 

This patient is a Avoman of G1 years AAdio for 3 years had been suffering 
from a mild degree of diabetes, for Avhich she Avas treated Avith a very modest 
dose of insulin. 5 days before admission she AA’as taken ill Avith diarrhea, 
and her condition Avas rapidly getting AA'orse. 

On admission the patient Avas comatous, giving off a strong odor of 
acetone. The blood sugar concentration AA-as 700. In addition, the heart 
action Avas irregular and quite tumultuous; besides, oedema of the lungs 
AA'as tlireatening. Electrocardiography shoAA>ed auricular fibrillation, Avilh 
tumultuous A^entricular action. She AA'as treated AV'ith insulin and bicarbo- 
nate, Avhereafter the acidosis was abolished and her general condition im- 
proA’^ed, but the heart action remained unchanged. 

The patient Avas then given chinidin in increasing doses. When a daily 
dosage of 60 eg Avas reached, the rhythm of the heart became regular and 
quiet. She was discharged tAVo months later, feeling perfectly aa'cII and 
shoAving no sign of any heart lesion. Electrocardiography rcA’^ealed no defi- 
nite degenerative signs, but roentgenography shoAved a slight enlarge- 
ment of the heart. 

In this case, the diagnosis was: Auricular fibrillation produced by 
her coma. She had not had any cardiac symptoms before admission, nor 



W. TIIUNE ANDERSEN. 

did she have any at her discharge. So there is no reason to think she had 
any real heart lesion. 

About 1 % years later the patient was readmitted to this department 
on account of an indefinite tiredness. Now she presented signs of a rather 
extensive bilateral pulmonary tuberculosis, but roentgenography of the 
heart showed only a slight enlargement, just as before, and the electrocar- 
diogram showed a complete rhythm. She had had no real heart symptoms 
in the interval since her last discharge. 


These examples illustrate how extensive and significant this 
group of lesions really is, wlien its entire scope is taken into conside- 
ration. Besides the aforementioned case of heart block, which has 
been published before, we here meet with 4 interesting cases. No. 1 
had a transitory' bundle branch block. No. 2 liad a violent cardiac 
paroxysm, without sliowing any definite abnormality in the electro- 
cardiogram. No. 3 had a more protracted paroxysm during which 
the records showed numerous extrasystoles, and once, paroxysmal 
tachycardia of short duration. No. 4 had transitory auricular fibril- 
lation brought about by diabetic coma. 

The question now arises with what right these cases may be 
regarded as neurogenic. A different interpretation would per- 
haps classify them as instances of acute myocarditis. In my pre- 
vious work on paroxysmal heart block, I pointed out in detail how 
I arrived at the diagnosis neurogenic heart block. The sedimenta- 
tion rate of the patient was not increased, and the block subsided 
suddenly, without leaving any prolongation of the deduction time. 
On recovery from a myocarditic block, we generally see a gradual 
transition from a complete block, over partial block to delayed 
conduction, which often takes months to become normal. In the cases 
cited here there was nothing to indicate that the patient was still 
suffering from some infection. The temperature was not elevated; 
nor was the sedimentation rate increased. And another interpreta- 
tion to the effect tliat tlie lesion here might involve a coronary 
thrombosis is not very likely. Two of the patients were all too young 
for that, and the two others presented decidedly no evidence to that 
effect. 

It appears to be characteristic of this group that the electrocar- 
diographic changes very often are even unusually pronounced 
(complete block, bundle brach block, auricular fibrillation, and so 
on) — changes that otherwise are seen only in very advanced impair- 
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ment of the myocardium. It seems rather natural, however, that the 
electrocardiographic changes become violent just on nervous stimu- 
lation. To what extent we may speak of cardiac neurosis in such 
cases is still an open question. 

This may be elucidated by some considerations on one of the 
most frequent changes: auricular fibrillation. Sometimes this phe- 
nomenon is seen in mitral stenosis, in which cases it appears to 
be massive and refractory to every form of treatment. One then gets 
the impression that the atria have been dilated and are gradually 
undergoing degeneration. On the other hand, in cases where the 
auricular fibrillation yields readily to treatment with chinidin, one 
is inclined to think it has been a matter of nervous irritation. This 
view finds support, indeed, in the fact that the tractable cases very 
often involve a Basedow heart, i. c., lesion of a character that is 
strongly suggestive of changes in the nervous system and thus in the 
innervation of the heart, too. 

Another group of patients in whom, it seems to me, we have 
to think of the possibility of neurogenic heart lesions, is, strange to 
say, the patients with diphtherial myocarditis. In the excellent 
work of Siggaard Andersen (1934) on diphtherial myocarditis, pub- 
lished in this journal, he has reported some extensive studies carried 
out in the Blegdam Hospital, from which he arrived at the conclu- 
sion that the serious myocarditis, which most often terminates fatal- 
ly, comes in the acute stage of the disease. He also described a less 
serious form of myocarditis, however, which, in contrast to the 
first-mentioned, does not appear until the 3’ — 6’ week of illness. 
Undoubtedly the primary myocarditis is a true myocarditis with 
severe clinical symptoms and electrocardiographic changes, showing 
on autopsy a quite extensive damage to the myocardium: acute 
hemorrhagic myocarditis. In the late and milder »myocarditis» 
there is no occasion for postmortem examination. Strange to say, 
it makes its appearance at the point of time when the temperature 
is normal and most often without affecting the temperature in any 
particular degree — and this happens at the very same point of time 
when the pareses make their appearance. It seems, then, to be con- 
venient interpretation that we are here dealing with some form of 
paresis that involves one or some of the nerves that regulate the 

activity of the heart. So this late myocarditis might then be inter- 
preted as a neurosis. 
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It is to be added that the possibility also remains of a myocar- 
ditis and a coincident nerve affection, as the myocarditis conceiv- 
ably might produce reflex disturbances in the innervation of the 
heart (something that naturally may result also in coronary throm- 
bosis and other heart lesions). 

Recently I have had occasion to observe such a case. The 
patient was a probationary nurse who had had an attack of scarlet 
fever without being very ill. On the 14th day of illness she had 
some queer sensations in the heart region and palpitation of the 
heart, and the electrocardiogram showed a partial block. A few 
days later the electrocardiographic findings were normal again, 
vdthout any delay in conduction. The symptoms had then sub- 
sided completely. Not until 6 weeks later did she again have some 
slight cardiac symptoms and now the electrocardiogram again 
showed a slight delay in conduction. WHien the latter findings have 
to be taken as evidence of the remains of a myocarditis, while the 
course of the acute attack decidedly indicated a nervous irritation, 
it seems to me that the explanation will have to be the one I have 
suggested: that the myocarditis in its initial stage through reflexes 
had produced a neurogenic block. 

In this way wc find a gradual transition to the heart lesions in 
which the myocardium is damaged to an extent that in itself is 
sufficient to give electrocardiographic changes. 

The series of affections here described thus consists in 4 groups 
with gradual transitions. Firstly, simple cardiac neurosis associated 
merely with indefinite cardiac sensations, perhaps chiefly of func- 
tional character. Next, organic cardiac neurosis associated with 
cardiac paroxysms that can be explained as attributable to agencies 
involving the innervation of the heart, wdiile the myocardium is not 
impaired. Then the cases in which an acute affection of the myo- 
cardium by wa}'^ of reflex action brings about disturbances in the 
innervation of the heart. And, finally, the cases in which the car- 
diac symptoms are due to a lesion of the myocardium itself. 

As a curious fact it maybe mentioned that the electro- 
cardiographic changes in Group II will often be far more severe 
than those seen before. From this w'e may draw the somewhat 
paradoxical conclusion that, under certain conditions, severe 
electrocardiographic changes give a better prognosis than slight 
changes. 
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As to the causes of organic cardiac neurosis, several seem conceiv- 
able. Heart block has been described as arising from pressure on the 
vagus exerted by an oesophageal diverticulum when this was filled. 
But generally we shall not be able to find such a solid explanation. 
I have suggested already that the changes encountered in the 
nervous system in exophthalmic goiter may produce auricular 
fibrillation, perhaps also other disturbances in the heart action. 
When such changes may be seen in exophthalmic goiter, it seems 
obvious that other endocrine lesions may have a similar effect. 
One of the patients described here was suffering from diabetes. In 
this case, however, it seems more natural to look for the cause in 
the changes in the nervous system that may conceivably be pro- 
duced by the acidosis during the coma, but nothing definite can be 
said about this point. Undoubtedly hyperinsulinism may consti- 
tute an eliciting cause. Other changes in the composition of the 
blood might conceivably also interfere with the innervation of the 
heart — e. g., alkalosis or changes in the calcium content of the 
blood, or other changes in the chemical composition of the plasma. 
But here we have entered into an entirely speculative field. 

We have more solid ground under our feet when we think of 
various medicamental agencies as the cause of the cardiac neurosis 
and here, of course, we think in particular of the cardiac remedies. 
It is well known that an overdosage of digitalis may give heart 
block that disappears again when the employment of digitalis is 
discontinued. Digitalis may also produce auricular fibrillation, 
which has a lesser tendency to spontaneous remission. Further, 
we have to keep in mind the remedies which exert a direct action on 
the nervous system — in particular, atropin, adrenalin, acetjd-cholin, 
and g^mergen. Undoubtedly thyroid preparations will also be dis- 
closed as a frequent cause of the cardiac neurosis. Finally, tobacco 
extrasystoles are to be mentioned here too. But a thorough exami- 
nation and a very careful questioning into the past and recent 
history of the patient will often be necessary if we are to have 
any chance of finding the extraneous cause. 

It would not be safe yet to try to establish any treatment for 
this variegated group of affections. If the cause of the lesion be 
known, of course, an attempt has to be made to abolish it. If this 
has no favorable effect on the lesion (for instance, auricular fibril- 
lation produced by digitalis) or if the cause is unknown, at tJie 
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present we have to confine ourselves to experimental tentative 
treatment. The remedies that seem likely to have some favorable 
effect are primarily the drugs acting on the innervation of the heart, 
namely: adrenalin (sympathetic tonus), atropin (sympatheticolysis)’ 
acetyl cholin (vagotonus), and ergotamin tartrate, better knovii 
as gynergen (a sort of vagolysis). Further, digitalis which, besides 
being vagotonic, acts on the conduction system in the heart. The 
same applies to chinidin, which has proved very effective in auri- 
cular fibrillation and in certain forms of paroxysmal tachycardia. 
As far as that goes, many cases have a tendency to spontaneous 
recovery, and a good effect may be obtained simply by employment 
of ordinary sedatives. 

As to the prognosis, it may be said to be good — at any rate in 
comparison with the prognosis of myocardial degeneration and 
valvular defects. Of course, an entirely neurogenic heart block 
may conceivably prove fatal, and other phenomena giving rise to 
marked decompensation of the heart may prove refractory to treat- 
ment. But these cases, I think, will rarely be described as neuro.sis, 
as the neurogenic nature of the lesion can be proved completely 
only on the disappearance of the lesion. Still, conclusions by analogy 
from similar cases — preferably, of course, from previous attacks 
in the same patient — may sometimes furnish a proof of probabi- 
lity that will further be corroborated by the absence of pathologic- 
anatomical changes. In general it may be said, however, that these 
cases will rarely have serious consequences, especially when they 
are treated effectively at an early stage. 


Summary. 

The writer has attempted to set up a new special group of affec- 
tions within the cardiology — a group which he suggests to designate 
as Neurosis cordis (in extended sense of the term) or perhaps as 
Neurosis cordis organica. It covers transitory cardiac affections in 
which the myocardium presumably is not injured, while the appear- 
ance of the disease is attributable to changes in the innervation 
of the heart, morbid phenomena of which some are wellknown (e. g.j 
paroxysmal tachycardia), and also the cases of auricular fibrilla- 
tion in which a normal rhythm is reestablished, spontaneously or 
through treatment. Through some examples the writer points out 
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the serious functional disturbances one may encounter in such 
cases. 

•In his discussion of the question the witer has tried to show 
that many cases of acute cardiac phenomena, which generally are 
listed as myocardial affections, more likely are to be looked upon as 
belonging to this group. The possible causes of these morbid con- 
ditions are discussed and it is pointed out that they have to be 
looked for in endocrine lesions, intake of certain medicaments, or 
changes in the chemical composition of the blood (electrolytic 
shifting) — the last-mentioned most often of unknown nature. 

It is yet too early to try to establish the treatment, but the 
writer calls attention to the remedies acting on the innervation of 
the heart or on the neuromuscular system. 

The prognosis may be characterized as relatively good. 
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It may now be considered an established fact that the chief 
processes in the formation of the urine consist of glomerular filtra- . 
tion and tubular reabsorption. As a consequence of hydrostatic 
pressure in the glomerulus capillaries there is a transmission of a 
deproteinized filtrate from the lumen of these capillaries into the 
capsular space; the filtrate contains the filtrahle constituents in 
the same concentration as plasma. During the passage of the 
filtrate through the tubules, the greater part of the water is taken 
up together with the so-called threshold bodies, e.g. glucose and 
NaCI; other substances, for instance urea, become highty concen- 
trated in the tubules owing to the absorption of the water, but 
to some extent they return through the epithelial cells of the 
tubules to the blood — whether on account of active reabsorption 
or of passive diffusion is not quite certain; it is assumed that still 
other solids such as sulphates and kreatinine are neither reabsorbed 
nor diffused back in the tubules. In recent 3'^ears we have learned 
to know of certain bodies foreign to the organism, mostly excreted 
b}'’ secretion processes in the tubule cells, for example phenol-red and 
perabrodil (diodrast) and other iodic substances used in urography. 
It is known of at any rate one of the normal constituents of the urine, 
kreatinine, that in man it is partty excreted by tubular secretion. 

^ This investigation was made with the financial assistance of the P. A. 
Brandt foundation. 
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When making clinical and — particularly physiological 
investigations into the renal function it is of importance to know 
how much glomerular filtrate is formed per minute; for if we know 
this and the concentration of a filtrable substance in plasma, it is 
possible to compute how much of the substance filters out into 
the glomerules per minute. If at the same time we determine how 
much of this substance is excreted in the urine per minute, we can 
calculate the quantity of the substance reabsorbed in the tubules 
or diffused back or perhaps secreted. 

If we know that a given substance is excreted solely by filtration 
in the glomerules and neither secreted nor reabsorbed in the tubules, 
this can be used for determining the quantity of filtrate (F) formed 
per minute. If we determine the plasma concentration (P) of the 
substance, its concentration in the urine (U) and the minute diuresis 
(D), we can set out the following equations: 

Mi=F*P and Mo^U-D 

where Mj is the quantity of the substance filtered per minute and 
Mg the quantity per minute excreted with the urine. But as accord- 
ing to the above we get 

U*D 

F.P=U.D or F=-^ 

By the plasma clearance (C) of a substance we understand the 
number of c.c, plasma which the kidneys can purify of the substance 
in the course of a minute. C is found by dividing the quantity 
excreted per minute by P. 



From this it appears that the plasma clearance of a substance 
excreted solely by glomerular filtration and neither secreted nor 
reabsorbed in the tubules is equal to the quantity of filtrate formed 
per minute. 

Consequently, one of the most important objects of renal 
physiology is to find a substance that complies with the said 
conditions: that it is filtered in the glomerules and neither secreted 
no reabsorbed in the tubules. In the course of time several substan- 
ces have been credited with these properties, with more or less 

justification, such as kreatinine, sulphate, ferricyanide, cyanol 
and tiourea. ' . 
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■ In 1930 Marshall (1) showed that the urine of aglomerular 
fishes never contained glucose even when there was a high glucose 
content in the blood and/or after ingesting florizine. On the other 
hand it was easy to make the urine of glomerular fishes contain 
glucose: by administration of glucose, by florizinizing, or simply by 
manipulation of the fish itself. The same was true of certain other 
sugars: xylose, raffinose, succrose, inulin, etc., they were readily 
excreted by glomerular, but not by aglomerular fishes. From this 
the hypothesis was set up that in other animals too these sugars 
were excreted by glomerular filtration, but not by tubular secretion. 
As these sugars cannot be converted in the intermediate metabolism 
and therefore are of no value to the organism, it was thought — 
on the basis of teleological considerations — that reabsorption in 
the tubules might be ruled out. 

In 1934 Richards, Westfall and Bott (2) suggested the use of 
the sugar inulin for clearance tests, and since then the importance 
of this substance as a means of measuring filtration has been esta- 
blished by a large number of publications from America. 

Inulin is a polysaccharide occurring as a reserve nutriment in 
plants (3). Acid hydrolysis breaks it down into 93 per cent, fructose, 
6 per cent, fructoseanhydride and 1 per cent, aldose. Acid-hydro- 
lized inulin when reduction -titrated has a fructose equivalent of 
94 per cent (93 per cent, fructose and 1 per cent, aldose), but when 
analyzed colorimetrically after being treated with diphenylamin 
it has a fructose equivalent of 99 per cent. (93 per cent, fructose 
and 6 per cent, fructoseanhydride) (4). The molecular weight lies 
in the vicinity of 5000 (cit. 4.5). Inulin is sparingly soluble in cold 
water but dissolves readily in hot water at 80° with up to 20 weight 
%; after cooling to 40° it forms a supersaturated solution which, 
however, is stable for several hours and thus permits of continuous 
infusion (6). 

Inulin has the following properties, the presence of which must, 
according to Shannon and Smith (7), a priori be required of a 
substance to be employed as a measure of filtration: 

1) It is determinable with sufficient accuracy in blood and 
urine. 

2) It is non-toxic on all the experimental animals tested. In 
man there is sometimes a rise in temperature in conjunction 
wdth intravenous injection; this is presumed to be the result 
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of impurities; tiie pyrogenous effect can, it is stated, be 
removed by filtration through a Seitz filter (8). 

3) It has no effect on the renal function, measured by the 

excretion of other substances (6, 9). 

4) It is not consumed or converted and is excreted quantita- 
tively in the urine (3, 6). 

5) It is filtered and dialysed through collodium and similar 
membranes which, like the glomerulus membrane, is per- 
meable to crystalloids but impermeable to colloids (2, 3, 
6 , 10 ). 

6) It does not combine with the plasma proteins (2, 6). 

To these may be added: 

7) It is found in the plasma fraction of the blood and docs not 
permeate the erythrocytes (11, 12). If the blood clearance 
is to be calculated from the plasma clearance of inulin, one 
must know the volume percentage of the erythrocytes. 

It Avas to be expected from its ability to pass through collodium 
membranes that the inulin in the glomerular filtrate occurs in the 
same concentration as in the water phase of plasma; all the same 
as far as the frog is concerned it has been proved (10) by direct 
analysis of the filtrate in the capsular space obtained by capsule 
puncture. 

It can scarcely be held that the absolute proof has been produced 
that inulin is excreted by filtration alone and that it is neither 
secreted nor reabsorbed; but we have substantial evidence to that 
effect. 

Inulin is not excreted by aglomerular fish kidneys (3), but it 
is excreted in the urine after administration to fishes Avhosc kidneys 
have glomerules. 

Inulin is not excreted by the frog Iddney when the substance 
is perfused through vena portae renalis, which supplies the tubules, 
but it is excreted when it is conveyed to the glomerules through 
arteria renalis (13). As regards dogs and rabbits, inulin is not 
excreted in the urine when the blood pressure is reduced below 
a certain level, whereby glomerular filtration ceases; that the function 
of the tubules under these circumstances is intact, at any rate 
partially, is shown by the continued ability of the kidneys to 
excrete phenol-red and diodrast, about which substances we know 
that they are preponderantly excreted by tubular secretion (13). 
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In all glomerular animals tested the value of the inulin output 
per minute is actually proportional to the plasma concentration 
and within the latter s values, from some few mg % to over 1000 
^g% (6.9). This means that the inulin clearance is independent 
of the plasma concentration. This is what may be expected of a 
substance that is excreted solely by filtration. Conversely, it has 
been found that, with increasing plasma concentration, the quan- 
tity of the urinary output of substances that are mainly secreted 
by the tubules by cell activity asymptotically approaches a maxi- 
mum corresponding to the maximum function of the tuhule cells; 
the clearances of such substances therefore fall \\'ith increasing 
plasma concentration. 

With dogs the clearances of inulin and kreatinine (9, 14), and 
of inulin, kreatinine and ferrocyanide (11) are identical under all 
the conditions examined. In florizinized dogs the clearances of 
inulin and glucose (9) and of inulin, glucose and xylose (3) are 
identical. With rabbits (15) the clearances of inulin and kreatinine 
agree completely. 

In the tests referred to, and in several others contained in the 
literature, showing the same clearances for tw'O or more substances, 
the clearance determinations have been made simultaneously. From 
this it follows that the substances are concentrated in the same 
proportions from plasma to the final urine quite independently of 
their plasma concentration; that is to say, they give the same 

concentration index, the same This is explainable alone by 

the assumption of glomerular filtration of a fluid containing these 
substances in the same proportions as tlie plasma water, and of 
concentration by the reabsorption of a part of the filtered water. 

Were we to assume that in addition there was a reabsorption 
or a secretion in the tubules of a part of these substances, this 
would presuppose 1) that the same fractional part of the filtered 
quantity of a given substance was always reabsorbed or secreted, 
and 2) that this fraction was the same for all the substances with 
identical clearances. As these presuppositions are inacceptable 
as being improbable, we must also reject the idea of tubular re- 
absorption or secretion of the same substances. 

It is obvious that the determination of the inulin clearance is 
of great theoretical and scientific interest; but it is another question 
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whether inulin clearance tests will be of any great value in the 
clinic With normal people (16) and with dogs (17) the urea clearance 
is fairly constant at about 50 per cent of the inulin clearance when 
the diuresis is maintained over 1.5-2 cm^ per minute. Therefore 
it is pos.sibIe that in cases of reduced renal function the inuim 
clearance will provide no other information than the urea clearance. 

Human inulin clearance is best determined by means of con- 
tinuous intravenous infusion of the substance, whereby a suitably 
high and constant plasma concentration is secured. To liuman. 
beings Shannon and Smith (6) give 100 g inulin in a 20 per cent_ 
solution by intravenous infusion over a period of 30 minutes; this, 
induces a plasma concentration of 300 — 400 mg%, wliicli falls to 
100 mg% in from 90 minutes to 3 hours. The values of human 
inulin clearance are stated to be from 110 to 150 (18). 

Inulin can be determined by acid hydrolysis and reduction 
titration by Shaffer and Somogyi’s method (19) or colorimetrically 
— likewise after acid hydrolysis — by means of Ihl and Pechmann’s 
reaction for fructose (20), which results in the substance acquiring 
a vivid blue colour when heated with a solution of diphenyl am in 
in muriated alcohol. 


Own Investigations. 


For some time I have been working on inulin clearance tests 
on rabbits at the University Institute of General Pathology. The 
work is not yet completed and therefore will not be referred to 
here. Plowever, as I encountered some initial difficulty with tlic 
inulin determination, which I secure colorimetrically, and as I am 


aware that experiments in various places on human inulin clearance 
have met with similar difficulties, I propose to describe the modi- 
fication I have made in the methods published in the literature 
(21, 22); this modification does not claim to be essentially new, 
and indeed it may not even be the best and ultimate form. 

I have had two difficulties in particular; one was that the blue 
colouring matter formed by the reaction rvith dipbenylaminc is 
sparingly soluble m water and diluted alcobol, so that it flocculates 
1) If otung to excessive inulin content its concentration becomes 

Td I'fTt '’ipl'enylaminc solution 

luted too far with water by adding too much of the watery 
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Fig. 1. 

solution wliose inulin concentration is being determined. On the 
other hand the inulin concentration must not be lowered below a 
certain minimum, as then the colour becomes too weak for exact 
colorimetric determination. For this reason, by means of a suitable 
dilution of serum and urine I aim at getting the inulin concentration 
to lie around 10 mg% and at any rate between 5 and 30 mg%. 
Of this dilution % cm^ is added to 5 cm^ of the muriated alcoholic 
diphenylamine solution, whereby the water content of the mixture 
is only slightly increased. 

The other difficulty consisted in heating the mixture in the 
water-bath, stoppered in order to avoid concentration through the 
evaporation of the alcohol. For this purpose I use test-tubes of 
Duran glass, 23 x 115 mm, which as a rule will tolerate the pressure 
and stand being cooled under the tap immediately after boiling 
The tubes are closed with rubber stoppers, which are prevented 
from jumping up by placing the tubes in a rack (see fig. 1) and 
fastening a metal plate down over them. 

I boil for half an hour in the water-bath, as I have found that 
.after 15 minutes boiling the colour does not attain to quite the 
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same density as after 30 minutes, whereas no greater colour intensity 
is secured By Boiling for an hour than after 30 minutes. It is im- 
portant that the water, is kept on the boil the whole time, and 
preferably in the stinkcupboard with the windows closed, as there 
is some, risk' of the tubes exploding. After boiling the tubes are 
cooled at once under the tap, and colorimetry proceeds immediately 
afterwards in a Duboscq colorimeter. If the tubes are allowed to 
stand for several hours there may be flocculation of the colour, even 
under these experimental conditions; when tliis lias not happened 
I have observed no disturbing changes of colour after a. period. It 
sometimes happens — for some uncertain reason, possibly because 
the tubes are insufficiently cleansed — that some tubes assume a 
distracting greenish tint; however, one is never in doubt when this 
happens, so that the analysis can be discarded to avoid any error. 

Serum is analysed in the following manner: 

The proteins are precipitated by Herbert’s method (23): Pipette 
%cm3 serum into a small centrifuge glass, add 1 cm® distilled 
water, shake, add % cm® 10 per cent. ZnSO^, 7 H 2 O, shake, add 
cm® 0.5 normal NaOH, shake, centrifuge. Tliis gives a dilution 
of 1: 5. 

With a slight deviation the diphenylaminc reagent is prepared 
according to Alving, Rubin and Miller (22); a, dissolve lOg diphcn 3 da- 
mine per analysis in 50 cm® absolute alcohol; this stock solution 
is credited with keeping indefinitely in the dark; b, mix 70 cm® 
absolute alcohol witli 50 cm® concentrated hydrocliloric acid. The 
reagent is prepared by adding 5 cm® of a to SO cm® of b; this will, 
it is stated, keep for a week; as a rule, however, I have made it 
fresh every time. 

To i/^cm® of precipitated (and if required diluted) scrum add 
5 cm® of the diphenylaminc reagent; tliis causes a turbidity whicli 
disappears at once on being shaken. Stopper the tube, boil for 30 
minutes in a water-bath, cool under the tap. For colorimetry, 
which is proceeded with as quickly as possible, the inulin samples 
are compared with a standard prepared from Vo cm® 10 m«o/ 
iniihn solution -}- 5 cm® diphenylaminc reagent and heated in a 
wa er-bath together with the other inulin samples. Tliis standard 
covers the interval calculated for undiluted scrum from 25 to 
23 — Acta med. scandinav. Vol CXII. 
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150 mg%; if the inulin concentration in plasma lies over 15o 
it must be diluted prior to the protein precipitation. 

In the case of inulin determination by reduction titration the 
glucose must be removed from plasma by fermentation prior to 
hydrolising the inulin. In the publications cited above, glucose 
fermentation before inulin hydrolysis is also prescribed for colori- 
metric inulin determination. However, the cliromogenous effect 
of glucose together with the diphenylamine reagent is only about 
2.5 per cent of that of inulin (24), and, apart from the glucose, 
the chrornogenous effect of plasma is very slight. If we put the 
spontaneous chrornogenous effect of plasma as corresponding to 
2.5 mg% inulin, it will be seen that it corresponds only to 10 per 
cent of the lowest concentration of plasma inulin that I can deter- 
mine. I have therefore omitted the glucose fermentation and for 
comparator have simply used a serum sample taken prior to the 
administration of the inulin and treated exactly like the other 
serum samples; this eliminates the spontaneous chrornogenous effect 
of the plasma. The analysis results given below seem to indicate 
that this procedure is permissable. 

\Vlien analysing urine it is diluted to T. 10 immediately after 
catheterization to prevent any precipitation of inulin; from this 
dilutions of 1; 25, 1: 50 and, if required, 1: 100 are prepared, 
of each of these dilutions is precipitated with sulphate of zinc 
and sodium hydroxide and treated exactly as described • above 
for serum. A urine sample taken prior to administrating the 
inulin is used as a control; it should be stated, however, that with 
these extreme dilutions it has always been clear and colourless. 

The following model experiment was performed with this 
technique; 

I. Analyses with pure inulin solutions without 
precipitation. 

Dilutions of 5 mg%, 10 mg%, 15 mg%, 20 mg% and 30 
mg % "were prepared from a 100 mg% inulin solution. A total of 
70 analysis in 5 series were made, each containing 14 samples (the 
number of tubes capable of standing in the rack). Each series 
always comprised 3 samples of 10 mg% and also 3 or 2 of the other 
concentrations. One of the three 10 mg% solutions was used as 
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Table 1. 


Solution 

concentrations 

No. of 
analyses 

Mean values 
of analysis 
results 

Standard 

deviations 

Coefficients of 
variations 

10 mg % 

15 

10.00 

0.10 

1.0 % 

5 » 

14 

5.31 

0.23 

4.5 

15 » 

13 

14.70 

0.23 

1.6 

20 1) 

14 

19.00 

0.57 

3.0 

30 » 

14 

28.26 

0.60 

2.1 


a standard, with which all the other samples in the series were 
compared; the prepared (colourless) reagent was poured into the 
control tube. The values of the other two 10 mg% solutions were 
then determined, whereafter a correction was made as illustrated 
by the following example: 

The standard solution is called A and the other two 10 mg% 
solutions B and C; the values for B and C were found to be e.g. 10.1 

and 10.3 mg%. I now assumed that 1 — is probably more 

3 

accurately equal to 10 mg% than any one of these values. The 
sum of A, B and C was found to be 30.4, and therefore each of the 
three values was corrected by multiplying it by the fraction 30/30.4; 
thus the true value of A was found to be 9.89, and this was used 
in the colorimetry of the other solutions in the series. The results 
appear from Table 1. 

As a consequence of making the aforesaid correction the mean 
value of the values found for the 10 mg% solutions is 10.00. It 
is of greater interest that the standard deviation is only 0.1, which 
means that the colorimetry of the solutions which in concentration 
are near the standard solution is very accurate. 

As will appear from the table, I have not found complete pro- 
portionality between colour intensity and tlie inulin concentra- 
tions under the experimental conditions cliosen, for llie values 
below the standard are too high and those above are too low. If 
the known concentrations of the solutions are plotted in a coordinate 
system along the ordinate, and the calculated values along the 
abscissa, we obtain a number of points which very approximately 
fall in a straight line. This line passes through the point 10.0 10.0 
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nnd in relation to the abscissa lias a slope Uial is slifiliHy ste.p r 
1,1 io-, tl.c ,0 .ngte ,.cing >. 0 ». Tl.r 

Wood and urine rvorc corrccled l.y means of tins cnrrr. 


11. Tests with pure inulin soluHons treated wllli pr»'ti" 

precipitation. 

The rolioaving imilin contciilralioris avcje 
50 n,g%. 75 mg%, 100 mg»/, and '"f;- ,, 

cxnetiv in .necord.ance avith the procc dnre Oear d > 

TaWc 2 sl,oav.a the analysis resnhs rorrceled l.a » 
dcscrl, ?hove, it aviil he -on t.ntt t,,e ptoi.nn 

trealiuent l,a.s nol atfecled the mnlm ‘ 

are fonnd lo he ns eomplete as the method of .mal;.. I 
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Table 2. 


Solution 

concent- 

rations 

No. of 
analyses 

Mean values 
of analysis 
results 

Standard 

deviations 

Coefficient 

of 

variations 

Error in 
mean values 

25 mg % 

10 

25.3 

1.1 

4.5 % 

■f 1.0 % 

50 » 

7 

50.3 

1.8 

3.5 % 

+ 0.6 % 

75 » 

B 

76.1 

2.1 

4.3 % 

-{- 1.5 % 

100 » 

Wm 

98.0 

3.2 

3.2 % 

— 2.0 % 

150 » 


151.1 

5.3 

3.5 % 

-1- 0.7 % 


III. Tests of serum with varying quantities of inulin. 

The method was as follows: to % cm® serum were added cm^ 
inulin solution, % cm® water, % cm® sulphate of zinc and % cm® 
sodium hydroxide. The inulin solutions had the following con- 
centrations; 25 mg%, 50 mg%, 75 mg%, 100 mg%, 125 mg% 
and 150 mg%. Otherwise the procedure was the same as the above. 
The analyses were made partly with rabbit, partly wit human 
serum. 


Table 3. 


Rabbit serum. 
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At the low inulin concentrations the variation coefficients and 
the errors in the mean values, calculated as percentages of the real 
concentrations, were found to be greatest. This is a natural conse- 
quence, partly of the uncertainty of colorimetry \vith these anything 
but intense colours, and partly of the fact that the spontaneous 
chromogenous effect of serum is more marked percentually at the 
low inulin concentrations. On the whole the results of the analyses 
seem to present reasonable certainty and accuracy. 

The circumstance that the errors of the mean values for both 
rabbit and human series seem to incline towards the positive might 
possibly be due to the concentration of serum’s water phase as 
a result of removing the plasma albumin. 


IV. Test of rabbit urine with inulin added. 

To one part of urine was added one part of an exactly 2 per 
cent inulin solution. The concentrations of 30 mg%, 20 mg% 
and 10 mg% were obtained by suitable dilution and precipitation 
as for serum. 

The analysis results (see Table 5) show fairly good accuracy 


Table 4. 


Concent- 
ration of 
solutions 

No. oi 
analyses 

Mean values 
ol analysis 
results 

Slantlavd 

deviations 

CocIIicients 

of 

variations 

Errors in 
mean values 

30 n7g % 

1 s 

30.43 

0.60 

2.0 % 

+ 1.4 % 

20 » 

i 8 

19.81 


2.2 % 


10 » 

8 

10.25 


1.8 % 

+ 2.5 % j 


In two cases I analysed undiluted human urine and found that 
mthout the addition of inulin it gives a blue tint corresponding 
more or less to 10 — ^20 mgr% inulin. As urine when charged with 
inulin will usually reveal inulin concentrations of over 1 per cent, 
the spontaneous chromogenous effect of the urine is of no impor- 
tance, and in fact it is eliminated by^ using controls. 
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On Iniilin Clearance and the Determination 0 / Inulin in Blood and 

Urine. 

The author reviews the literature on inuline clearance. With 
great certainty inulin may be proved to pass into the urine . by 
glomerular filtration alone, and is neither reabsorbed nor excreted 
by the tubules. Inulin clearance is consequently identical with the 
filtration rate. 

The author’s method of colorimetrical determination of inulin in 
serum is as follows: 

To % cm3 serum add 1 cm^ distilled water, shake, add 14 cm^ 
10 % ZnS 04 , 7 H 2 O, shake, add % cm^ 0.5 n. NaOH, shake, centri- 
fuge. Dilution: 1/5. % cm® of the supernatant fluid is pipetted 
into a duran test tube 23 by 115 mm. 5 cm® of the diphenjdamine 
reagent are added. The tube is closed with a rubber stopper and 
placed in a rack. The stopper is held in place by a metal plate as 
shown in fig. 1. The tube is boiled in a Avater-bath for hour. 
The colour is compared in a Duboscq colorimeter with a standard 
prepared form an inulin solution of exactly 10 mg %, of which ^ 
cm® is heated with 5 cm® of the diphenylamine reagent. The read 
values are sought along the abscissa in fig. 2, and the real values 
are found correspondingly along the ordinate. 

Inulin in urine is determined in exactly the same way after 
appropriate dilution of the urine. 

Preparation of the reagent: a stock solution of 10.00 g diphe- 
nylamine in 50 cm® absolute alcohol, b 70 cm® absolute alcohol 
-f 50 cm® concentrated hydrochloric acid. To 80 cm® b add 5 cm® 
of a. 
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The late prognosis in rheumatic fever. 

By 
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Appraisal of the prognosis in rheumatic fever is difficult, both 
because of the great liability to recurrences of the disease and 
because it as a rule is impossible to say, until some years after 
an attack, if a cardiac affection is developing. Moreover,- the acute 
attack is, according to some authors, not infrequently followed 
by secondary arthritis several years later. 

In order to get some more light on these questions I have made 
a follow-up examination of a group of patients who during the 
years 1921 to 1930 were treated for rheumatic fever in the medical 
service of the Aarhus Municipal Hospital, either during the first 
attack or during a recurrence. My object thus became (1) to find 
out how great the tendency to recurrences was is such a patient- 
material, (2) to ascertain how many individuals of such a group 
either had died or were now suffering with some rheumatic cardiac 
affection, (3) to study the possible connexion between rheumatic 
fever and chronic affections of the joints. 

In maldng up the material, I began by going critically through 
all the case records from the above period concerning patients with 
the diagnoses rheumatic fever and acute or subacute rheumatic 
polyarthritis, and sorting out from these all the cases which with 
reasonable certainty could be considered as true rheumatic fever. 
The cases in which the diagnosis in my opinion was doubtful were 
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eliminated, and I was particularly watchful against cases vnth 
gonorrheal joint-affections i and acute articular affections in 
connexion with an otherAvise chronic arthritis. Besides, I elimin- 
ated a few, probably true cases of rheumatic fever in which there 
was a record of concomitant lues, in order that there should not 
be any doubt about the etiology of such chronic cardiac affections 
as might be found. 

As the result of this scrutiny, I found that the number of patients 
that had been treated for true rheumatic fever during the period 
1921 — 30 was 215, who thus constitute the material on which the 
investigation is based. The follow-up was undertaken during the 
time from October, 1939, to June, 1940; the patients from 1929 
and 1930 being examined.last, in order to get a minimum observa- 
tion time of ten years. I succeeded in tracing 209, or 97.2 per cent 
of the total 215. I tried, as far as possible, to examine them all 
myself, and where this for some reason or other was impossible, to 
get reliable information concerning them through other physicians 
or hospitals; but in about one-fourth of the cases I had to be con- 
tent with examination by means of a -written questionary. The 
general manner in which the examination was undertaken was 
that I visited the patients in their home, questioned them carefully 
as regards recurrences, other diseases, symptoms of cardiac affec- 
tion and as to whether they had any articular lesions; and finally I 
made a stethoscopic examination, ■v\'hich, how'ever, in a couple of 
cases was refused. The stethoscopy of the heart yvas in practically 
all cases made with the patient both in sitting (standing) and recum- 
bent posture, in left lateral recumbent position and after efforts. 
Finally, I examined the function and condition of the joints. In all 
suspect cases I asked the patient to come to the hospital for further 
examination, where I then took their blood pressure and electro- 
cardiogram and a roentgenograph of the heart. 

Both sexes and all age-classes are represented in the material. 
Table I show's the age at first attack and distribution by sex. 

As the table shows, about two-thirds of the patients had their 
first attack before the age of twenty, and the incidence rate -^'as 
highest, by far, between the ages of eleven and fifteen years. The 
age distribution is seen more clearly, still, from Chart I, -which 

^ Gonococcus reaction test (-which dates only from the latter part of 1928) -was 
performed only on a few of the patients from 1930. 
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Table I. 


Incidence of first Atttacks and Distribution by Sex of the 215 Patients treated 
for Rheumatic Fever during the Period 1921 — 1930. 


Age 

Male 

Female 

Total 

Incidence rate 
(per cent) 

0— 5 

2 


6 


8 

3.0| 


6—10 

21 


14 


35 

16.2 


11—15 

27 

67 

31 

67 

58 

27.0 

62.3 

16—20 

I7J 


loj 


33 

15.3 


21—25 

6 


20 


26 

12.1 


26—30 

0 


21 


23 

10.7 


31—35 

5 


5 


10 

4.6 


36—40 

6 


8 


14 

6.5 


41—45 

0 


2 


2 

0.9 


46—50 

2 


3 


5 

2.3 


51—55 

0 


0 


0 

0 


56—60 

0 


1 


1 

0.4 



88 = 40.9 i»cr cent 


127 = 59.1 perccnlj 215 


100 


Numbcf of 
Pilfentj 

60 
50 
40 
30 
?0 
10 


Chart I, 

Incidence of first atteks by age groujis. 
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Chart II. 

Incidence f first attacks by age groups and sex. 


groups, except in tlie groups 21—25 and 26—30, wliere the )>female)> 
columns greatly overtop the ftmaleo. 

The age distribution of first attacks has been investigated, on 
large mixed materials, both by Mackie (New York) and by Edstrom 
(Sweden). Their findings are shown, together with my own, in 
Chart III. 

As the Chart shows, there is almost complete accordance between 
Mackie’s findings and my own, and Edstrom’s patients were only 
slightly older. Further the curves show that initial attacks before 
the fifth and after the fortieth year of age were rare in all the 
three materials. 

Finally must be mentioned a comprehensive Danish investiga- 
tion in the middle of the last century, by Lange, who among 994 


Number of 
pstfents 
(per cent) 


O'— EdJtrrm 

X Mjtk'c 

e Ehlcrtsen 



Chart III. 

Curves showing incidence rates of first attacks in three different materials. 


Tur. i.Axr riKKiNosts in iK'rn* •K)/ 

iiuiividunls wilh firsl nll.-u-k fnmul a {gradual risr of llio incidt-iu c 
curve unlil the twenlietli year of a«e. wliereiipon tlie jnimber 
of cases remnined fairly constanl >nitii the iNYeiity-fifth year, 
after wliicli l)eriod the curve attain showed an even, j’raihral fall. 

Also the dislrihulion helweeu the two sexes is seen from lahle 
I and Cliavl II. 'I'here is a iiiarl;e<I jwedoniinauee of females, a’1.1 
per cent as comjiared wilh dO.O per cent males. 1 his does not how- 
ever aj)])ly to the ajjes under twenty, where the i\umerieai distrihu- 
lion is exactly etpial, 07 cases of each sex. As already mentioned, 
the i)redominance of females is particularly marked in the a^ieproup 
21— -ilO. which has 11 feimdes and only 8 mates. After the thirtieth 
year of the distrihution is attain ajiproximately equal. An 
explanation of this may perhaps he fountl — ns also I'reund suq- 
qests — in the ciTciimslnnre that yonnq married women wilh small 
children cannot very well he taken care of at home, whereas men 
as a rule can hetter qo through an attack of rheumatic fever without 
hospitalisation, .\nolher possible explanation is that some of these 
women may have had gonorrheal polyarthritis, after all. At least, 
it has been shown by Warburg that there during the period with 
which wo are concerned in the jwesenl investigation was a great 
increase of female gonorrhea, and tlicrefore }Wobably also of gonor- 
rheal polyarthritis. And yet, if we look at the distribution, by sex, 
of rheumatic fever cases among individuals between the ages of 
twenty-one and thirty during the period 11)811 — 11, the fact that of 
a total of 17 patients treated for true rheumatic, fever during these 
throe years 13 were between those ages, and that, of the.se thirteen, 
10 were females and only 3 males, seems to be strongly indicative 
of a real preponderance of females of that age group in the 
hospital materials. 

Most of the statements in the literature point to an equal dis- 
tribution between the two sexes. In that respect there is no marked 
difference between the rejjnrls from the different countries. Thus, 
Mackie found .ID.O ])er cent of females among 303, I'.dslrom 32.2 
per cent among 802, and Lange .3] per cent among 1101. On the 
basis of slatisties for ll,c period 1911—20, re.specling the distribu- 
tion, by sex, of patients wilh rlienmalic fever in all the Swedish 
ho.s].itnls, hkislrom also expresses H,o belief that the distribution 
0 ten corre.sponds very closely to the pro])nrlion between the two 
sexes in the population of the region in question. 
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The tendency to recurrences. 

A. Earlier Investigations. 

The tendency for rheumatic fever to recur is very variable 
Some individuals ^vill have only one recurrence, others two or three 
a few up to as many as half a dozen. Mackie found that of a series 
of 252 cases representing patients of both sexes and all ages 71 
per cent had at least one recurrence. The percentage of recurrences 
was highest among the young; in the group of 165 individuals 
under the age of twenty 78.2 per cent had at least one return of 
acute rheumatic fever, whereas only 58.6 per cent of 87 cases above 
that age had recurrences. He also separates these cases into five- 
year age groups according to the age at first attack and shows that 
those cases which occurred between the fifth and tenth year had the 
highest rate of recurrences, namely 93 per cent. In the later age 
groups the incidence curve followed a steady downward course, but 
it was not until after the age of thirty years that the incidence fell 
below 50 per cent. It does not seem that any age is exempt from 
the possibility of recurrence. 

Mackie’s attempts to ascertain the average time interval be- 
tween the initial attack and the first recurrence revealed the fact 
that only 57 per cent had the first recurrence within four years 
after the primary episode. In 144 cases he found it possible to 
ascertain exactly the length of time that elapsed betw^een the ini- 
tial attack and the first recurrence. In 23.6 per cent the recurrence 
occurred within one year, in 38.8 per cent within tw^o years, in 5/ 
per cent within four years, while in the remaining 43 per cent it 
was four years or longer before the secondary attack of acute 
rheumatism occurred. It does not clearly appear, however, from his 
report how long an observation time he has had. He further selected 
from his material 65 cases, which he observed over a period of several 
years. A large number of these individuals had had recurrences 
ten years after the initial attack, a few showed recurrences after 
fifteen to tw'enty-five years, and in four acute rheumatism reap- 
peared after more than thirty years. Two of the latter had several 
recurrences, how^ever; one after six, sixteen and thirty-eight years, 
the other after eleven and thirty-one years. Mackie says that these 
data salmost inevitably lead one to the conviction that rheumatic 
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fever cannot be regarded as an acute affection terminating after a 
lonocr or shorter interval. It is probably incorrect to regard the 
secondary attacks as a simple reinfection. Tlie concept of rheuma- 
tism as a chronic, slowly progressing disease characterised by inter- 
vals of calm simulating recovery, and periods of activity which 
entail further damage to the organism, seems more accurately to 

correspond with observed phenomena. » 

Kaiser (Rochester, N. Y.) found recun'cnccs within three years 
of the initial attack in 49 per cent of a series of 564 children. Among 
a smaller number, who were followed for three to five years, there 
were recurrences, during that period, in 40 per cent, and among 200 
who were followed for five to ten years the disease recurred in 25 
per cent. 

Wilson, Lingg and Crawford (New York) found recurrences in 
73 per cent of a series of 413 children, though not all of them had 
been followed for three years. Half of these recuiTcnces occurred 
vithin the first year, only 15 per cent of them after four years. 

Also Roth, Lingg and WOiittemorc (New York City) report on a 
child scries, comprising 488 cases observed over a period of eight 
years. Of these, 68 per cent had one recurrence, 40 per cent two 
or more. Seventy-three per cent of the recurrences manifested 
themselves within three years of the first attack. 

According to Coombs (England), recurrences are frequent es- 
pecially in the first ten to fifteen years after the primary episode. 

Glover (England) thinks that rheumatic fever in a great many 
cases, perhaps in 70 per cent, takes the form of a chronic infection, 
which may have long periods of latency alternating with periods of 
activity and progression. 

Anton Fischer (Berlin) gives the percentage of recurrences as 
about 35 for adults and about 50 for children. 

Edstrom (Lund, SAveden) found recurrences in 50 per cent of 
his large, mixed material of 694 patients oliservcd over periods 
of from one to tAA'cnty-four years. In 25 per cent the disease recurred 
more than once. He found the tendencj'' to recurrences greatest, 
97 per cent, among those Avho had liad tlicir first attack betAveen 
the fourth and tenth year of age, Avhereupon there Avas a steady, 
gradual fall of the incidence rate with increasing age. More than 
one-fourth of all the rccuiTcnces occurred mthin one year of the ini- 
tial attack. In 6 per cent of all those Avho had a return of tlic acute 
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pJienomena, there was however a lapse of over ten years before the 
secondary attack occurred. The longest interval between first 
attack and first recurrence observed by Edstrom was forty-one 
years. From all these data he concludes that while the probability 
of recurrence and the chance of escaping a second attack are about 
even during the first ten years after the initial episode, the risk is 
only as 1 to 16 if there has been complete freedom from symptoms 
during those ten years. 


B. Own Results. 

]\Iost of the recurrences occurred within a year after the initial in- 
fection, but in not a few cases the first secondary attack did not 
occur until between ten and twenty years after the first, and a 
few got their first recurrence onty after a still longer interval. Three 
cases vnll illustrate this. The first patient had his initial attack at 
the age of six and got a recurrence twenty-seven years after. The 
second had bouts of rheumatic fever in his eleventh and twelfth 
year, then there was a lapse of twenty-four years before the next 
recurrence set in, and tAvo years after that the disease recurred a 
third time. Tlic tliird patient had rheumatic fever for the first 
time at the age of twenty-three and his only recurrence twenty- 
three 3 'ears later. 

In Table II all the folloAved-up cases are separated into five-year 
age groups according to the age of the patient at the time of the 
first attack; and the number who had recurrences, and how many of 
these, is set dowm for each group. Further the Table shows the inci- 
dence per cent for the five youngest groups, but not for the older, 
because the figures for these are very small. It is seen that the 
liability to recurrences is greatest for the youngest, and seems to 
become gradually less Awth increasing age at first attack. This Avill 
be still clearer from Chart IV, Avhich shows the incidence curve for 
my own findings, together with that of Edstrom’s for comparison. 

As already pointed out, the time interval betAveen the initial 
infection and the first recurrence can vary Avithin Amry wide limits. 
This AA'ill be seen from Table III, Asdiere the recurring cases arc set 
doAAm by age groups and the number of years elapsed before the 
secondary attack stated for each group. 
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Table II. 

Incidence of Recurrence among the 209 followed-up Patients distributed into 
five-year groups according to the age at the time of first attack. 


Age at first 
attack 

Total 

cases 

No 

recur- 

jence 

Total 

with 

recur- 

rences 

1 

recur- 

rence 

2 

recur- 

rences 

3 

recur- 

rences 

4 

recur- 

rences 

or more 

Incidence 
(per cent) 

0—5 . . . . 

8 

0 

8 

2 

4 

2 


100 

6—10 .... 

35 

8 

27 

10 

10 

4 

3 

77 

11—15 .... 

57 

31 

26 

15 

6 

3 

2 

45 

16—20 .... 

32 

19 

13 

8 

3 

2 


40 

21—25 .... 

24 

16 

8 

6 

1 

1 


33 

26—30 .... 

21 

13 

8 

5 

3 




31—35 .... 

10 

4 

6 

3 

3 




36—40 .... 

14 


7 

5 


2 



41—45 .... 

2 


0 






46—50 .... 

5 


1 


1 




51—55 .... 

0 








56—60 .... 

1 

1 

0 






Total 

209 

105 

104 

54 

31 

14 

5 


Per Cent . . 

(100) 

50.3 

49.7 

26 

15 

7 

2 



24 per cent 

more than one recurrence 


The tendency 
to recurrence 
(per cent) 


X— X— 'X Edsirem 
• Ehleriscn 



Chart IV. 

Serial?' 

Arln mp^ scandinnn 
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Table III. 


Time Interval between primary Infection and first Recurrence in 

104 Cases. 



We thus see that the disease may recur at almost any time after 
the first attack. It is true that 80 per cent of the recurrences register- 
ed up to the termination of the observation period had occurred 
within ten years after the primary episode, but as many as nearly 
20 per cent did not occur until after an interval of between ten and 
twenty years, and three, as already mentioned, not until after 
an even longer lapse of time. 

The result of my investigations is that of a mixed material 
representing both sexes and all age classes about one half get at least 
one return of acute rheumatic fever; that the secondary attack may 
occur at almost any time after the primary episode, from less than 
one to more than twenty years after the latter (maximum interval 
in my material: twenty-seven years); that, in other words, there is 
no certainty, at any time, against the possibility of recurrences, 
though it is true that most of these, by far, (in my material 80 per 
cent) occur within ten years; and, finally, that in about half of the 
recurrent cases there is only one, in the other half two or more 
returns of the disease. 
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The frequency of rheumatic heart disease. 

A. Earlier Investigations. 

In Sweden, Edstrom made in 1935 an extensive follow-up 
examination of patients with a past history of rheumatic fever. He 
collected a material of not less than about 850 cases, comprising all 
those that had been treated for that disease in the hospitals of 
Malmohus county, in Lund, during the period 1911 — 33. With ex- 
ception of 155 (18 per cent), who could not be traced, these were 
examined during 1934 to 1935, thus giving an observation time of 
from one to twenty-four years. The material comprised patients of 
both sexes and all age classes. Edstrom found that 419 of 694 
(60 per cent) had got a still existing, organic heart disease or had 
died with such a lesion. Of these, he lists 177, however, with the 
diagnosis of mitral insufficiency, — a diagnosis which by many 
clinicists is considered as highly problematical, and which I have 
not used in my material. If we therefore deduct these 177 from the 
419, we get a total of 242 of 694, or 35 per cent, with organic 
heart disease. 

Coombs (1924) followed for a number of years a child series of 
253 with positive cardiac affections from the start and another 
series of 121 with uncertain cardiac symptoms. The average age at 
the time of first attack was 10.2 years; the average age at which 
they were first seen by him was 11.8 years. In the first series — that 
with positive cardiac affections — 5.1 per cent died of rheumatic 
heart disease within one year after the onset, 11.2 per cent within 
the first five years, 21.4 per cent within the first ten years. 
He points out the great mortality in the first year after the 
onset in this series, in contrast to the series with uncertain cardiac 
symptoms. Of the latter, 12 could not be traced, of the remaining 
109 none died during the first year, of 95 followed until the fifth 
year only one had died, of 79 followed till the tenth year five 
had died. 

According to this, about two-thirds of the series with positive 
signs of heart disease at the start and about one-half of the series 
with uncertain signs should get a lasting rheumatic, cardiac lesion. 
The expected incidence of chronic cardiac involvement in a series 
with neither certain nor uncertain signs of carditis cannot be seen. 
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Of too patients 

Of 100 patients, 


with sure signs of 

including those 


cardiac affection 

M'hose signs were 


when first seen 

uncertain 

Recovered 

31 

44 

Died at/before the 20th year 

27—28 

19 

» 0 » 30th )) 

37—38 

28 

» B » 40th i> 

Alive, but invalids, 40 years after 

50 

39 

the onset of the disease 

19 

17 


Coombs’s figures have been simplified by Warburg, who assumes 
that half of the patients escape permanent cardiac complications. 
He calculates that 10 per cent die before the twentieth year of 
the disease, 20 per cent before the thirtieth and 30 per cent before 
the fortieth year; that 10 per cent survive the fortieth year suffering 
with heart disease, while 60 per cent either do not get chronic 
heart disease or recover. Warburg thus believes, from Coombs’s 
figures, that about 40 per cent get heart disease. 

Bland and Jones (1939) followed children with rheumatic in- 
fection from the House of the Good Samaritan in Boston for a 
number of years. Among them there is a series of 314, the average 
age of whom was eight years, who after they had recovered from the 
initial rheumatic infection had no recognisable heart lesion. This 
series was observed for ten years, and eventually 79, or about 
one-fourth of the whole number, showed signs of permanent val- 
vular lesion. One hundred and thirty-two of the 314 had no recur- 
rences, and only 6 per cent of these showed signs of valvular defor- 
mity; the other 182 had repeated recurrences, and 39 per cent of 
them developed valvular affections. The results of the examina- 
tion of the seventy-nine with positive rheumatic heart disease fol- 
lowing the first attack have not yet been published, or at least 
they have not reached Denmark at the time of the present 
writing, — but in an account of a discussion on the subject one of 
the authors is reported as having stated that 60 per cent are to-day 
leading normal lives, and that of the others 25 per cent have 
died, while 15 per cent are still alive, but with moderate or severe 
cardiac affections. 

A similar investigation has been carried out by Boone and Levine 
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(1938). Their material was a series of 225 children (average age, 
13.8 years) with past rheumatic infection, but in whom cardiac 
stethoscopy at the first examination revealed nothing abnormal, or 
at most a systolic murmur. The average observation time was 9.6 
years. At the first examination, potential heart disease was diag- 
nosed in 166, mitral insufficiency in 59. By the end of the observa- 
tion period 4.8 per cent of the first group had developed permanent 
valvular lesions, while such lesions were found in as many as 42 per 
cent of the last group. From this, the authors conclude that pa- 
tients with potential heart disease after a single attack of rheumatic 
fever have a 96 per cent chance of escaping valvular trouble before 
the fifth year, and that after that time the chance against such a 
complication is 100 per cent. Of the group Avith mitral insuficiency, 
19 per cent of those who had only had one attack of rheumatic fever 
got permanent valvular disease, against 61 per cent of those who 
had several attacks. Patients with mitral insufficiency have an 
81 per cent chance of escaping further valvular lesion before five 
years, and a 100 per cent chance after that lapse of time if they have 
had only one attack of reumatic fever; if they have had several, 
the chance is in the first five years only 39 per cent, but for the 
following twenty years the prognosis gets better and better. If we 
look at the mitral insufficiency as merely a potential rheumatic 
heart disease and consider the two groups together, the result is 
about 15 per cent with chronic valvular lesions. 

Mackie (48) followed 204 patients — of a series of 366 of both 
sexes and all ages — who during the initial attack show^ed signs of 
cardiac involvement. The observation time is only stated as var- 
ying, with a minimum of four months». Of these two hundred and 
four, 42 (21 per cent) showed decided improvement, while 57 (28 
per cent) got worse and the remainder showed no change. Tliese 
figures do not tell one very much, because it isn’t clear for how long 
the cases were observed; but that it, as already said, must have 
been for a considerable length of time is seen from Mackic’s men- 
tion of 25 patients whom he followed, and who all got mitral sten- 
osis. In 22 of these the signs of this deformity became established 

within two years, in the 3 others not until after five to six and a 
half years. 

Bartram (1925) tells about HI children treated for rhellmalic 
infection during the years 1916 to 1921. One hundred and seven of 
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them had some cardiac lesion or other during their stay. In 1923 
28 of these had died, 9 were cardiac invalids, 57 were leading 
moderately active lives and only 13 were entirely well. Considering 
the short observation time this is an exceedingly bad prognosis 
Walsh, Bland and Jones (1940) made a special study of a group of 
81 children and young people with pure mitral stenosis, out of more 
than 1,700 treated for rheumatic fever at the House of the Good 
Samaritan in Boston. All cases in which the stenosis was combined 
with insufficiency or aortic deformity were excluded. The average 
age at which the initial attack of rheumatic fever began was 9.3 
years. In 48 of the group the sure physical signs of the mitral stenosis 
made their appearance during the period of observation. In 27 of 
these there were auscultatory signs of valvular disease from the 
onset, but no sure signs of involvement of the mitral valve, whereas 
there in the other 21 W'as no evidence of cardiac involvement after 
their recovery from the initial rheumatic fever. The first evidence of 
valvular affection in the twenty-one patients of this subgroup was 
in twm of them a systolic murmur at the cardiac apex, -which slowly 
progressed to systolic and diastolic murmurs. In 3 others the latter 
combination appeared as the first indication, follow'ed later, over 
a period of years, by a diminution of the systolic murmur, until this 
ultimately disappeared as the systolic murmur and the first heart 
sound acquired the characteristics of pure mitral stenosis. In con- 
trast to this, the first sign in the remaining 16 w^as a short mid-dias- 
tolic murmur folloAving a rather prominent third heart sound. 
This murmur later evolved into a crescendic presystolic murmur, 
without the occurrence at any stage of systolic murmurs. In 5 of 
all the forty-eight patients with pure mitral stenosis the signs of 
that condition were established in the first five year period, in 27 
they developed within six to ten years, in the remaining 16 not 
until after ten years (in 4 of the latter after sixteen to twenty, in ,2 
after twenty to tw'enty-four years). In the entire series of ST the 
initial rheumatic infection was characterised by a very mild course, 
and the same was the case with the recrudescences^ which occurred 
in 85 per cent of the patients. Clinically recognisable cardiac invol- 
vement during the initial attack wms present in only 57 per cent, 
whereas the experience of Walsh and his associates with the large 
group of 1,700 patients indicated an initial involvement of the heart 
in about 70 per cent. After ten years 53 (65 per cent) of the eighty- 
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me were able to lead normal lives, 13 (16 per cent) were slightly 
limited, 4 (5 per cent) were moderately limited by functional 
dyspnea and 11 (13 per cent) had died. The authors emphasise 
the contrast of this low death rate to a death rate of 24 per cent 
for a control group of 1,000 rheumatic patients observed by them 
for the same length of time. 

Walsh and his associates ascribe the favorable course of the 
disease to the fact that the initial rheumatic fever on the basis of 
which it developed in these patients was very mild; a circumstance 
which they believe favored the continued integrity of the myocar- 
dium. 

But the diagnosis of a rheumatic fever does not in itself contain 
any indication of the subsequent course of the disease, which, accord- 
ing to some authors, depends on the type of the eventual cardiac 
lesion. Though my object with the present study has not been to 
investigate the course of the rheumatic cardiac disease, I therefore 
find it natural briefly to consider also this question. 

As Warburg has pointed out, all the valvular lesions in this 
disease are sinistral. It is extremely rare to find lesions of the tri- 
cuspid or of the pulmonary valve without involvement of the mitral; 
and if the mitral deformity is manifest, the diagnosticated pre- 
sence also of a tricuspidal lesion docs not alter the prognosis (^Var- 
burg). The tliree types that are of interest arc thus mitral stenosis, 
mitral stenosis coupled with lesion of the aortic valve, and lesions 
of the latter. 

As regards the incidence rate of each of these types, the state- 
ments in the literature are fairly accordant. Thus, De Graff and 
Lingo found among 694 cases mitral stenosis in 62 per cent, mitral 
and aortic lesions in 33 per cent and lesion only of the aortic 
valve in 1,2 per cent. The authors themselves think that man}'- 
cases of the last named type may have been counted among 
the combined lesions owing to the presence of a Flint sound, 
Willius found, among 160 patients who died of cardiac disease, 
mitral stenosis in 774 per cent, mitral and aortic lesions in 14 
per cent, aortic inlesion only in 14 per cent; Hart, Wood & 
Daughton, among 138 cases,- mitral stenosis in 58 per cent, 
mitral and aortic lesions in 28 per cent, aortic lesion only in 13 
per cent; Simmons, among 206 cases, mitral stenosis in 83 per cent, 
mitral and aortic lesions in 11.3 per cent, aortic lesion only in 
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. per cent Edstrom had among 153 patients .vith valvular 
affections of these types 62 per cent with mitral stenosis, 22 per cent 
with mitral and aortic lesions and 16 per cent with only aortic 
lesion; Aastrup, among 131 cases, 69 per cent with mitral stenosis 
17 per cent with mitral and aortic lesions, 14 per cent with only 
aortic lesion. We thus see that mitral stenosis is by far the com- 
monest type, with the combined lesions second in frequency and the 
isolated aortic lesion the uncommonest. 

The types occur with different frequency in the two sexes. The 
incidence of mitral stenosis is highest, by far, in women. Whiite finds 
the ratio of females to males in this respect to be as 3 to 2; Aastrup 
finds the same (54: 36), and Cabot’s necropsy statistics give the 
ratio as 62: 45. As regards aortic lesions, the condition is the re- 
verse, with even greater preponderance for the males. Of Cabot’s 
28 patients with aortic stenosis, 25 were men; among Aastrup’s 19 
with defects of the aortic valve there was only one woman. 

As to whether the prognosis depends upon the type of the val- 
vular lesion, the authors are, as already said, at variance. Of 
Cabot’s patients with mitral stenosis, 30 per cent got over fifty 
years old, and the same was the case with 35 per cent of those with 
both mitral and aortic lesions and 50 per cent of those with lesions 
only of the aortic valve. He further found that the average persis- 
tence of the symptoms wms 15 years for those with mitral stenosis, 
3 years for those with both mitral and aortic lesions. Willius found 
the average age at death, for a series of 124 patients with mitral 
stenosis, to be thirty years, the average duration of life from the 
initial infection tw'elve years. The corresponding figures w'ere for 
15 patients with both mitral and aortic lesions thirtj^-tw'o and 
sixteen years, for 21 with only aortic lesion forty-three and tw^enty- 
tw'o years. De Graff and Lingg, on the other hand, found the 
average length of time that the patients survived to be more or 
less the same irrespective of the type of the lesion, namely betw'een 
sixteen and seventeen years. Aastrup found the average age at 
death for the patients with mitral stenosis to be forty-three years, 
the average time from the the first rheumatic manifestation to 
death tw'enty-three years. For those with both mitral and aortic 
lesions his figures are forty-five and tw'enty-seven years, for those 
with only aortic lesion fifty-five and tw^enty-nine years. The differ- 
ence is thus not very great; the only type with w'hich the patients 
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undoiilitcdly live longer is the aortic stenosis, of Avliicli Cabot speaks 
as »a lesion of elderly men, but when women have it (which is rare) 
thev live even longer than mcn.» This fact is of particular interest 
in connexion with the present study, because it is possible that a 
number of these cases in spite of the rather long observation time 
were not recognised at the follow-up examination, owing to the 
clinical signs not having developed y^ct. It may therefore be of 
interest to go a little more deeply into this matter, all the more be- 
cause it is with regard to the aortic affections that the etiologic 
diagnosis is particularly difficult. 

In some cases the cusps of the aortic valve are on necropsy found 
strongly calcified, thickened and grown together, and at the same 
time there will usually be marked stenosis of the orifice, while the 
heart otherwise, except for pronounced hypertrophy, shows no 
particular changes. Of the etiology of this affection there are 
different opinions. Moenckeberg described it, in 1904, as )>primary 
sclerosis of the aortic cuspS)). He did not think that the process 
in the valve was different from the one found in the intima of the 
aorta in cases of senile arteriosclerosis, and he believed that it could 
developed entirely independently of any inflammatory processes. 
In 1926, Clawson, Bell and Hartzell wrote that while it is true that 
this type of lesion can develop independently of such processes its 
frequent association with known inflammatory lesions such as, for 
instance, Aschoff bodies in the myocardium, makes the etiology 
uncertain. These authors termed the process »the calcified nodular 
aortic valve deformity.)) In a later paper (1931) they showed that 
the etiology often is rheumatic. In 40 per cent of a series of 93 
cases of the type they found rheumatic infection in the anamnesis. 
In 1938 and 1940, Clawson, Noble and Lufkin published further 
material to elucidation of the etiology^ of the diease. They point out 
that calcification of deformed valves, especially of the mitral valve, 
is a common finding, but they do not think that atherosclerotic 
changes in the valves are ever great enough to produce stenosis or 
insufficiency of a degree liable to be the cause of cardiac insuffi- 
ciency. 

Also Christian considers these aortic lesions as rheumatic. In 
I I of a series of 21 patients he found rheumatic fever in the anamne- 
sis as far as from thirteen to forty-eight years back. Boas, McGinn 
ct White and Contratto & Levine are of the same opinion. 
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Margolis, Hellesen & Barnes do not think that the etiology can be 
determined with certainty; Libman and Sohval & GrZ rafter 
agree with the views of Moenckeberg. 

Christian holds the affection for a clinically distinct entity with 
the folloAving characteristics. 1) Occurrence chiefly in men and 
relatively late in life; 2) progression slow and incompensation tardy; 
3) systolic fremitus and murmur over the aorta, often accompanied 
by a diastolic murmur; 4) considerable hypertrophy of the heart; 
5) often characteristic plateau pulse and normal or reduced pulse 
pressure; 6) nothing in the last half of life that sheds light on the 
etiology; 7) heart, on' necropsy, very much enlarged, the aortic val- 
ves very much narrowed, thickened and often adherent to each 
other and strongly calcified, while the other valves are normal; 
8) frequently rheumatic fever in the anamnesis; 9) sometimes 
roentgenologically demonstrable calcification of the aortic valves. 

As regards the sex incidence, all the materials show a prepon- 
derance of males: 


Author 

Total number 
of cases 

Male 

Female 

McGinn and White 

86 

69 

17 

Christian 

21 

15 

6 

Cabot 

28 

25 

3 

Margolis et al. 

42 

34 

8 

Clawson et al 

200 

165 

35 

Contratto and Levine 

180 

108 

72 


All the materials likewise show the highest age incidence for the 
relatively old age groups: 

McGinn and 'White 60 per cent over 50 years old. 

Christian (21 cases) 13 over 50 years old (7 of these over 60). 

Cabot (28 D ) 15 » 50 » » and 7 over 70. 

Margolis (42 »).... 35 » 50 » » 

Clawson 75 per cent over 50 years old. 

Contratto and Levine . . all ages from 13 to 81 represented; most of 

them in the sixth decade of life. 

As regards the frequency of the disease, McGinn and Wliite 
state that it was found in 123 (1.8 per cent) of 6,800 postmortem 
cases of all diseases and in 113 (2.3 per cent) of 4,800 clinical heart 
patients. 
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B. Own Investigations. 

Of the 209 followed-up patients, 35 (16.7 per cent) had chronic 
rheumatic heart disease or had died of a chronic affection of that 
nature. The incidence of the various types is shown in Table IV. 

As the Table shows, valvular lesion, especially mitral stenosis, 
was the most frequent finding (15 of the 35). In three cases the 
diagnosis was pancarditis. This diagnosis was made when it was 
impossible to determine the type of the cardiac lesion more precisely. 

One of these patients was a girl, seven years old, who during the acute 
attack had pronounced myocarditis with great distension of the heart. 
Six m.nths afterwards she got scarlet fever, and a month after she had 
recovered from that she died. The second was a woman, forty-two years 
old, who had had rheumatic fever twice before, when she was twenty-six 
and when she was thirty-two. A week before she was admitted she got shift- 
ing pains in tlie joints and a temperature of 39° G. During her stay in the 
hospital she had continued attaclcs of such pains and temperature about 
40° G; besides, she complained of pain in the precordium. Stethoscopy of 
the heart showed nothing abnormal (no felectrocardiogram or roentgeno- 
graph was taken}. A week after admission she died. Perhaps her case should 
rather be considered as a hyperpyretic form of the disease. The third of the 
three patients was a man, thirty-eight years old, who had had rheumatic 
fever twice before, when he Avas eighteen and when he was thirty-two 
Prior to his admission he had been feeling tired and run down, with dyspnea 
and palpitation. During his stay in the hospital he showed symptoms of 
cardiac insufficiency, no signs of valvular lesion, but there were pericar- 
diac friction sou -ds and on the electrocardiogram auricular flutter Avith 
shifting block. Ater three-four AA'^eeks he died rom cardiac insuficiency. 

One case is listed with the diagnosis acute endocarditis during 
chronic state. The patient was a woman, twenty-three years old, 
Avho died of cerebral embolism. Perhaps the case was one of sub- 
acute bacterial endocarditis. 

She had had rheumatic fever at the age of tAvelve, and again at the age 
of lAventy. Gardiac stethoscopy during her last attack had shoAved ictus 
in I Ge in the anterior axillary line, systolic murmur at the apex, systolic 
and diastolic murmur over the rest of the precordium. The pulse had been 
rapid and there AA^as nail pulse. Three years after, she Avas admitted to the 
hospital. Until tAvo Aveeks before she had been Avell, but then she suddenly 
declined and her temperature became high. Examination showed nothing 
abnormal except extension of the heart limits. Three Aveeks after her 
entrance she died after a hemiplegia. There Avas no necropsy. 
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Table IV. 

Total Cases of chronic, rheumatic Heart Disease in the entire Material. 



Total 

Female 

Male 

Treated for rheumatic 
fever in the Aarhus 
Municipal Hospital dur- 
ing the period 1921 — 30 
Followed up and exam- 
ined between Oct. 1939 

215 

127 

58 


209 

121 

88 

Number of the followed 
in whom rheumatic car- 
diac lesions were found 
(including those who 
had died during the 

24 (19.9 per cent) 

11 (12.5 percent) 



35 (16.7 per cent) 

Type of disease; 




9 

8 

1 

Mitral stenosis aortic 

3 

2 

1 


2 

2 

0 


3 

2 

1 

Acute endocarditis ir 

1 

1 

1 

0 

Observed for rheuma 
tic heart disease . . . 

8 

4 

4 

Possibly rheumati 

heart disease 

6 

1 4 

2 


35 

24 

11 


.The group of 8 patients listed as sobserved for 
disease)) comprises individuals m whom no sure ^ gj. 

ease could be found, but in whom it was strongly 
from the stethoscopic picture coupled with the fac ^ 

had rheumatic fever within the past six years or 
roentgenologic findings or the electrocardiogram. Th^ ^ 

their first attack as children, and most of them had h d at kas 
one recurrence. Most of them complained of vague ca 7 
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toms, which did not cause them any particular discomfort, however, 
and their condition at the time of the examination was thus in all 
cases good. In a few there were slight irregularities in the roentgen- 
ologic picture, and in two of them there was prolonged P— R in the 
electrocardiographic tracings. Only in a fevr of them was there under 
stethoscopy heard a systolic murmur. Finally, four of them had had 
a recurrence within the last five years. On account of these findings 
and considering that they w^ere all young (between twenty and 
thirty-two years) at the time of the examination, I felt justified 
in considering them as very liable to get rheumatic heart disease. 

The last group in the Table, listed wdth the designation spos- 
sibly rheumatic heart diease», comprises 6 patients who could only 
be examined by questionary. They all in their replies complained 
of symptoms which might be interpreted as indicative of possible 
cardiac affection, and two of them had had symptoms of heart dis- 
ease during their stay in the hospital. 

As it may be seen from the Table (Table IV), I did not find in 
any of the patients any aortic lesion of the calcified type mentioned 
some pages back. In order to find out something about the frequency 
of this lesion and about possible rheumatic fever in the history of 
such patients, I made a search through the postmortem journals of 
the Pathoanatomical Institute of the Aarhus Municipal Hospital, 
from as far back as the beginning of 1924 up to, and including, the 
month of January, 1941, Among the 4,000 postmortem examina- 
tions carried out during this period, I found, in all, 24 cases of iso- 
lated aortic stenosis of the type described, but only in connexion wdth 
4 of these was there any record of past rheumatic fever. In 15 of 
the others the cardiac affection had not been recognised clinically, 
in 5 the clinical diagnosis was chronic heart disease, only in 4 had the 
stenosis been clinically diagnosed. Of the twenty-four patients, 15 
were men, 9 women. The average age at death was for all the 24 
sixty years, for the men sixty-three years, for the women fifty- 
eight. The youngest was thirty-four, the oldest ninety-two, but only 
4 of them all under fifty years old at the time of death. 

It has not been possible on the basis of this material to contrib- 
ute essentially to the clinical picture of this type of aortic lesion, 
nor to throw any light on the question of now often it may be due to 
rheumatic fever. This is in the first place because the journals, 
especially the older ones, are rather summary, and because many of 
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Table V. 


Frequency Distribution of Heart Disease according to Age at first Attack nf 

rheumatic Fever. 


Age at first Attack of 
Rheumatic Fever 


Number -with 
Heart Disease 

Under 15 vears; 

j Male ...... 50 

< Female 50 

1 Total 100 

9 (18 per ceni) 
16 (32 » » ) 

25 (25 » , ) 


Over 15 vears: 

' 

j Male 38 

< Female 71 

1 Total 109 

2 ( 5.3 per cent) 

8 (11.2 0 » ) 

10 ( 9.2 5 » ) 



the patients at the time of their admission were already in a mori- 
bund state; but, besides, tlie condition of the' heart was in 15 of the 
24 cases paid no attention to, at all, because most of these patients 
died following a surgical operation. 

If we separate the material into two groups according to whether 
the first attack of rheumatic fever occurred before or after the 
fifteenth year of life (Table V), we find that the liability to cardiac 
involvement is three times greater for the younger group than for 
the older. 

As the Table shows, 100 of the examined had had their first 
attack before the age of fifteen, and 25 per cent of these had heart 
diease, wdiereas this was the case only with 10, or 9.2 per cent, of 
those who had had their first attack after that age. The Table further 
shows that in the younger group the sex incidence is entirely equal, 
but there are about tvdce as many women as men with heart 
disease (respectively 32 and 18 per cent). Also in the older group 
there are more wmmen than men ■with heart disease, but the figures 
are here so small that no conclusions can be drawn from them. 

My investigation thus seems to show that the liability to get 
heart disease is three times greater for those %vho have had a first 
attack of rheumatic fever before the age of fifteen than for those 
who have had such a first attack after that age; and that this liabil- 
ity to cardiac involvement is particularly great in the case of the 
women, one-third of whom in that age group of my material had 
heart disease. Of the 209 patients in my series, 12 (5.7 per cent) 
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died as result of the rheumatic infection, between one and fifty-two 
years after the initial attack. Only 3 (1.4 per cent of the entire 
series) died within five years, only 4 (1.9 per cent) within ten years, 
after the first attack. 


The Diagnosis of cardiac Affections during the 

acute Attack. 

Among the 209 followed-up cases there were, as described, 35 
patients with rheumatic heart disease, while 13 had died irom other 
causes and 7 had cardiac affections not due to rheumatism. This 
makes a total of 55 either alive with heart disease or dead. The 
remaining 154 were all found sound of heart. 

Of these one hundred and fifty-four there were 56 whose cases 
during their stay in the hospital had been variously diagnosed 
as chronic heart disease, mitral deformity or endocarditis. As a rule, 
these diagnoses were based on the presence of a systolic murmur 
and accentuated Pg, in a few cases on a presystolic murmur and in 
some cases on a stethoscopically demontrated extension of the 
heart limits. All these patients were at the after-examination 
found sound of heart. Thirty-six of them I examined stethoscopic- 
ally and found only in a few of them a slight apical systolic mur- 
mur. Of 11 there were further taken roentgenographs and electro- 
grams, but nothing abnormal found. About the remaining 20 I 
have only the information contained in their replies to my question- 
aries, but they all declare themselves well and in possession of 
their full capacity for work. Among those whom I examined stetho- 
scopically were also two of those in whom presystolic murmur had 
been established during their stay in the hospital. This murmur had 
now disappeared and they, too, were well. 

Bland, White and Jones (1935) mention similar findings. Among 
a series of 950 patients with rheumatic heart lesion they found in 
32, during the acute rheumatic infection, dilatation and diastolic 
murmur, which were ascribed to mitral stenosis. Eight years later 
all the thirty-two had normal hearts without murmur or dilatation. 
As Warburg points out, systolic murmur and accentuated Pg are by 
no means a rare phenomenon in normal subjects. Of course, the 56 
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patients of my own series referred to above had had carditis, which 
IS an invariable accompaniment of acute rheumatic fever; only, it 
has been impossible, at least a regards most of the cases, to estab- 
lish the diagnosis on the basis of the stated findings. Some of 
the fifty-six said that they had been told that after a rheumatic 
fever the heart was in poor condition, and a couple of them had on 
that account been unable to get life insurance without paying a 
higher premium. After the result of the after-examination this 
matter was, however, satisfactorily settled. 

Of the 35 patients who at the after-examination were found to 
have heart disease, 6 had during their hospitalisation presented no 
signs whatever of cardiac involvement, while in the remaining 29 
some affection or other of the heart had been diagnosed already 
during their stay in the hospital. In the case of 15 of the latter, 
the diagnosis had however been made on the basis of signs so un- 
certain that they would hardly to-day be accepted as evidence of 
heart disease. Of the 21 who at the after-examination presented well 
developed, sure symptoms of heart disease there were 2 in whom 
no signs of cardiac involvement had been established at their ad- 
mission to the hospital. In the case of the 19 others, the diagnosis 
of heart disease had been made, but only in 1 1 of them had the signs 
been sure. It seems to me that this clearly shows the great uncer- 
tainty — as also pointed out by Warburg — of a diagnosis of heart 
disease made during the acute attack. Moreover, all these findings 
emphasise the importance of not worrying the patients by informing 
them of cardiac lesions or heart disease on so feeble a basis as we 
have seen here. But such patients should be followed for some years, 
and if signs of mitral stenosis or other valvular disease develop 
they should, of course, be told of the fact, so that they may 
choose some occupation not demanding too great physical exertion. 


Non- rheumatic Heart Disease. 

Cardiac affections not of rheumatic origin were found in 8 
women. Six of them had hypertension, one thyreotoxicosis, one 
.degeneration of the myocardium (cause unknown). 
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Chronic, rheumatic Affections of the Joints. 

A. Earlier Invesiigaiions. 

It is a much debated problem whether there is any pathogen- 
etic, connexion between rheumatic fever and chronic polyarthritis. 
That such is -the case is maintained specially by German authors. 
Pribram (1901), for instance, describes the permanent condition 
which is considered as a condition following acute rheumatic fever 
as secondary, chronic polyarthritis. Freund (1929) writes that 
orepeated attacks not infrequently result in lasting articular lesions» 
and points to the many cases of chronic polyarthritis in a series of 
ambulant patients with affections of the joints. Anton Fischer 
(1933) says that in the great majority of cases the inflammation in 
the joints disappears entirely; only in a few does it become chronic, 
either after the first attack or after a recurrence.)) Of 201 cases 
of secondary chronic polyarthritis, he found that 65 per cent had 
developed as direct sequel to rheumatic fever, 35 per cent as sequel 
to a recurrence. Mueller (1933) thinks that the passage of an acute 
polyarthritis into the chronic state is by no means uncommon, but 
that it only occurs in cases that from the beginnig have been 
characterised by a mild progression. Klinge (1930) considers 
chronic polyarthritis as form of development of the acute attack. 
Bantin (1935) thinks, from study of 391 patients with diverse 
rheumatic affections, that persons who have had rheumatic fever 
are very sensitive to atmospheric changes, — that they have be- 
come »erkaeltungs-allergische», — and that the secondary chronic 
polyarthritis cases are recruited from that category. 

Of Scandinavian authors, Kahlmeter, especially, believes in a 
relationship between the two diseases. In a study of the condition 
of the hearts of a series of patients with acute or subacute 
rheumatic fever and with primary or secondary chronic polyarthritis 
he has shown that there is great difference between the frequency 
with which cardiac lesions are found in patients with primary chronic 
polyarthritis and in patients with acute affections of the joints, 
while the difference in that respect is not nearly as great between 
patients with secondary chronic polyarthritis and those with acute 
articular affections. From this, he concludes that there exists a 
secondary chronic, rheumatic polyarthritis with the same etiology 
25 — Acta mcd. scandinav. Vol CXJl. 
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as acute rheumatic fever, and that the true rheumatic infection 
IS not the cause of primar}^ clironic polyarthritis. Later, Kahl- 
meter has, however, abandoned the division into secondary and 
primarj^ forms, because he believes it impossible clinically to dis- 
tinguish between the two and thinks that there between them and 
acute polyarthritis are cases that form a labile transition. 

Edstrom (1936) found chronic polyarthritis in 21 per cent of 
his large series of patients with past rheumatic fever. He points 
out that the liability to chronic affections of the joints increases with 
the age at first attack of rheumatic fever and with the number of 
recurrences. He does not mention, though, whether he has seen 
cases of primarj'^ chronic polyarthritis among his patients. 

Jansen (1920) found that in the great majority of patients vith 
rheumatic fever the joints were sound when the acute stage was 
past. In some cases it seemed, however, as if the disease would not 
come to an end, but terminated in a picture of chronic polyarthritis 
with its s-welling, stiffness and deformation of the joints and con- 
tracture and atrophy of the muscles. It will be very difficult to 
distinguish such a case from one of primarj’^ chronic, progredient 
polyarthritis. Of 133 cases treated by Jansen for »polyarthritisj 
between 1915 and 1919, one hundred and thirteen belonged to 
this group. 

Ehrstrom (1924) has noticed that many patients after an 
acute poljmrthritis get indefinite pains and a feeling of stiffness 
in the joints and muscles, but that the objective signs are very 
slight. 

Jespersen (1935) has showm that there is no relationship between 
rheumatic fever and primary chronic polyarthritis, but he finds 
that rheumatic fever is not infrequently foUow^ed by a characteristic 
disease in the joints (secondary' rheumatic arthritis). Among his 
patients this was the case in 28.9 per cent of the w'omen and in 19.1 
per cent of the men. Besides, there are many wdio get pains in dif- 
ferent joints, but w'ithout objective, chronic changes in the latter. 
Like Edstrom, he find that secondary' chronic arthritis is more 
frequent the older the patient is w'hen he first gets rheumatic fever 
and the more recurrences he has had. He describes the characteris 
tics of secondary' chronic arthritis and points out that the disease 
oftenest attacks the large articulations, specially the joint-capsule, 
and that as a rule it is not invalidating. 
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Many authors, specially among the English and French, but also 
some German, deny that there is any connexion between rheumatic 
fever and chronic polyarthritis. Conta (Munich, 1930) examined 
204 patients with past rheumatic fever after an average time of 
eleven and a half years and found that 16 per cent of them had 
slight rheumatic pains under atmospheric changes, but only two 
had secondary arthritis. According to Monroe (England, 1939), 
the »rheumatic)> symptoms disappear entirely in most of the cases, 
and the presence of a lasting articular lesion that should play a 
role in the later development of chronic polyarthritis is merely 
hypothetical. Gelman (Germany, 1925) considers the problem as 
still unsolved, but believes himself that there is no relationship 
between the two diseases. He rejects the conclusion drawn by 
Klinge from the finding of Aschoff bodies in the myocardium and 
articular tissue in some cases of chronic arthritis, that both the. 
chronic and the acute forms of that disease should be due to the 
rheumatic process, and thinks it more reasonable to conclude that 
the nodules ar^ not of an absolutely specific character. According to 
Schottmueller (Germany, 1934), continued returns, for many years, 
of more or less severe pain in the joints are not uncommon in elderly 
individuals, but fortunately oftencst without the fatal tendency to 
deformation and ankylosis. Bach (England, 1935) found only 2 
cases of chronic polyarthritis among 400 patients with rheumatic 
heart disease and says that according to his experience the articular 
manifestations of rheumatic fever invariably subside completely 
and leave no signs of chronic joint involvement, 

Svend Clemmesen (1940) holds the concept of a gradual transi- 
tion between rheumatic fever and chronic polyarthritis for untenable 
and thinks that it in the presence of any atypical, subacute or long- 
lasting rheumatic fever should be closely considered whether the 
case is not, in fact, one of incipient chronic polyarthritis. The etio- 
logy of the two diseases is different, because the sex incidence of 
rheumatic fever according to all investigations seems to be equal, 
perhaps with a slight predominance for the males, wheras every 
considerable material of chronic polyarthritis cases shows about 80 
per cent of women to 20 per cent of males (Gram, Heidcmann). 
Clemmesen further believes that in the etiology of the latter disease 
there is a special female sex factor, while no such can be demons- 
trated for rheumatic fever. And as a further argument against a 
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common etiology for the two diseases he points to the fact tliat 
whereas the number of rheumatic fever cases in Denmark from 
1900 to 1937 went down from 28 to 7 per 10,000, the number of 
patients with chronic polyarthritis admitted to the hospitals rose 
from about 500 in 1930 to about 800 in 1937 (these figures are for 
hospitals outside Copenhagen, but the figures for the Copenhagen 
hospitals are about the same). 

Also Moltke (1933) thinks that the role of the rheumatic infec- 
tion in the etiology of chronic polyarthritis has been considerably 
exaggerated, and according to Warburg (1931) the simultaneous 
presence of mitral stenosis and contracture of the joints is very rare. 

The presence of subcutaneous nodules both in patients -with 
rheumatic fever and with chronic polyarthritis is held by many 
authors (Klinge, Dawson, Clawson and Wetherby, Poynton and 
Schlesinger) to be the conclusive proof of the common etiologj', 
because they consider these nodules as identical in the two diseases. 
Dawson regards them as representing in each of them a different 
phase of the same fundamental, pathologic process. This view is 
shared by Clawson and Wetherby, who find the nodules in both 
diseases identical both macroscopically and microscopically. Poynton 
and Schlesinger write that )>probably the most convincing evidence 
of a direct relationship between rheumatic fever and rheumatoid 
arthritis is the discovery in both of subcutaneous nodules.o 

Other authors (Keil, Collins) think, however, that both the 
clinical and the pathoanatomical difference between the nodules in 
the two diseases is more striking than the similarity; and in 
his monograph on rheumatic fever, Vaubel (1938) takes exception 
to the great worships of nodules and points out that their 
identity in the two diseases has not yet beet proved. For the 
present it must be realised that subcutaneous nodules may develop 
both in rheumatic fever and in certain forms of arthritis, and 
even without any other manifestation whatsoever. But though it 
is true that there are certain points of similarity between these 
formations, this does not justify the identification of any disease 
in which they occur with rheumatic fever. 

These subcutaneous nodules, which play so great a role specially 
in the English and American literature, are a very rare phenom- 
enon in Denmark, at least in rheumatic fever, while in chronic 
polyarthritis they are considerably more frequent. Of 215 patients 
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in my material, only one had had them, according to the case 
record. It is possible, of course, that it other cases they may^ not 
have been noticed, which may easily happen if they are not specially 
looked for; but in the last couple of years I have among between 
forty and fifty patients with rheumatic fever seen only one wit^ 
nodules, though I have searched particularly for them. In Engj- 
lish and American materials they are variously stated to occur ip 
from 10 to 25 and 50 per cent of cases and their occurrence invarif 
ably associated with severe cardiac involvement and a sign of ba(|l 
prognosis. Perhaps their seldomness in Denmark is due to the fac): 
that chronic heart diseases, as my material shows, are relative!^ 
infrequent there. All the more should it perhaps be noted that they 
were described already in 1880 by a Danish author, Hirschsprung, 
who in that year published 3 cases of rlieumatic fever with nodules. 
The microscopy, wliich was made by Bernhard Bang, is the first 
good description given of these formations. 

jB. Own Results. 

Among the 209 patients examined, I did not find a single one 
with primary, progressive polyarthritis, nor did I find any one witli 
sure secondary rheumatic arthritis such as described by Jespersen. 
My most frequent finding (in 39 patients) was complaints of 
periodical pains in the joints without either subjective or objective, 
attendant changes in the latter or their surroundings, and without 
any other restriction of mobility except that mowement was painful. 
As a rule, the pains were brought on by outside circumstances, 
oftenest by ocold or damp weather)); sometimes they came when 
the patient »got a cold», or sore throat, or »influenza». 

A considerably smaller group (10 patients) told of changes in 
the joints, nearly always in the form of swelling of their surroun- 
dings. I did not myself see any cases of such changes, except a very 
few of osteoarthritis of the knee joints, of which it must be supposed 
that they had no etiologic association with the rheumatic fever. 

From Table VI it will be seen that very few of the patients in my 
material had affections of the joints when examined, and that most of 
those with whom it was the case were women. Also in my material 
the tendency to get such affections was greater the older the patient 
had been at the time of the first attack of rheumatic fever; the 
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Table VI. 


Incidence of articular Lesions in the Series of 209 examined Patients. 



Female 

B 

Total examined 

121 

■ 

Periodical pains in the joints, but no articular changes 



0 » » » » and subjective changes 

■I 

1 

Total 



do. (per cent) 

31.5 

H 

do. female + male 

49 (= 23.5 per cent) 


average age at first attack for all those with articular lesions being 
about 20 years, for those with heart disease only about 12 years. 
On the other hand, the incidence of recurrences would appear 
to be higher for those with heart disease, the averages being 
respectively 1.3 and 1.8 for the two groups. 

Rheumatic heart disease is an infrequent occurrence in chronic 
rheumatic arthritis. I found this combination only in 3 patients, 
two of whom had only been »observed for rheumatic heart diseases, 
while the third had an aortic lesion. 

The result of my investigations is thus that there is no relation- 
ship between rheumatic fever and chronic polyarthritis, hut that 
there in some cases, mostly in women, is a periodical occurrence 
of pain in the joints, oftenest evoked by cold and as a rule not 
accompanied by articular changes. 


Discussion and Conclusions. 

A. The Tendency io Recurrences. 

As regards the tendency to recurrences, my material shows good 
accordance with those of other investigators both as regards the 
number of recurrences, the time of their occurrence and the intervals 
betw^een the initial attack and the different manifestations. In 
Chart IV it is seen how Edstrom’s curves and my own are nearly 
identical. 
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B Rheumaiic cardiac lesions. 

The most striking result of my investigation concerning the 
frequency of heart disease after proved rheumatic fever is the small 
number of such cases found, viz. 16 per cent after an observation 
period of ten to twenty years. The figure is even the maximal one, 
inasmuch as it includes the two groups labelled respectively »obser- 
ved for rheumatic heart disease» and Dpossibly rheumatic heart 
disease*); in other words the patients in Avhom there were no abso- 
lutely sure signs of cardiac involvemept. The small number of 
cases does not permit me to form conclusions respecting the inci- 
dence of the various types of the disease; I must therefore confine 
myself to considering the group as a whole. Still, it can be seen 
that the frequency distribution of the different types agrees well 
with the showing of other, larger materials. Also according to my 
findings, mitral stenosis is the most frequent form of valvular lesibn, 
and the incidence of this particular valve disease immensely greater 
in females than in males. 

Edstrom found »persisting organic heart disease*) in 60 per cent of 
his patients, which is nearly four times as many as in my material. 
It cannot be seen, though, on what criteria he has based his 
diagnosis. In between one-third and one-half of of all his cases with 
*)persisting organic heart disease*) the diagnosis was mitral insuffi- 
ciency; if we deduct these, the 60 per cent become reduced to 35 per 
cent, but still this is more than twice as many as in my series. It is 
difficult to find any explanation for this, especially because it, as 
just said, is impossible to see on what basis Edstrom made his 
diagnosis of wpersisting organic heart disease.*) 

A specially interesting result was come to by Bland and Jones 
with a group of 314 children in whom there was no evidence of 
heart disease following the initial attack of rheumatic fever. After 
an observation time of ten years they found permanent lesion of the 
heart in one-fourth of them; in other words the same percentage as 
I found among 100 young persons in my series (see Table V). I feel 
particularly justified in comparing my findings Avith those of Bland 
and Jones because sure cases of heart disease after recovery from a 
first attack are extremely rare also in my material. 

Boone and Levine followed a group of 225 children wlio liad 
had no signs of heart disease after the initial rheumatic attack 
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over an average period of 9.6 years and found after that lause 
of time permanent valve lesion in 15 per cent of them _ a 

smaller percentage than found either by Bland and Joiies »r 
by myself. 

Most of tlie analyses published show higher percentages of car- 
ditis than mine, also in young persons. Thus, Coombs found of a 
group of children who had not presented signs of heart disease fol- 
lowing the first attack only about 50 per cent completely cured, 
while my material shows 75 per cent cured out of a group of which a 
few had signs of cardiac involvement from the start. It is especially 
with regard to the mortality, however, that the difference is great. 
Of Coombs’s child group, 6 per cent of those with doubtful, and 20 
per cent of those with sure heart symptoms from the beginning, 
died within ten years after the initial attack. Of 100 children in my 
material, only 7 in all died, and of these only 2 within five years, the 
others after an average of thirty-three years. A similar bad progno- 
sis as Coombs’s is shovTi by the analyses of Bertram and Black. 
On the w'hole it would seem that the heart lesions are severer in the 
anglo-saxon countries, w'here rheumatic fever is also considerably 
more frequent than in Denmark. That serious cases of carditis in 
connexion wdth the primary attack are not seen so often there is 
probably because severe attacks of rheumatic fever are rather 
uncommon. This is perhaps also the reason why subcutaneous 
nodules are so rare in Danish cases; nodules being, according 
to all statements, found especially in the cases that have a very 
bad prognosis. 

Of the type of aortic lesion which Clawson, Bell and Hartzell call 
»calcified nodular aortic valve deformity;) I have not found any case 
in the clinical material. The postmortem records, on the other hand, 
show'ed a number of such cases, but only in a few of them was 
there any sure evidence of the rheumatic etiology. It is possible 
that a few cases of this type may have escaped my attention, 
though. As already said, this lesion occurs chiefly in patients 
above the age of fifty, and at the time of my examination only 23 
were above that age, most of the others were between twenty-five 
and forty-five. I hardly think, hoAvever, that there is any risk 
of this circumstance making the prognosis appear unduly favorable. 
This type of aortic lesion is rather uncommon; therefore it will 
not essentially affect the result as a whole, even if a couple of 
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the patients in my series should later develop this special form 
of stenosis. 

My study seems to show that in Denmark permanent lesion 
of the heart consequent on rheumatic infection is rarer than 
one would expect from the literature. This applies especially 
to the series as a whole. As regards the children alone, my 
results accord better with those registered elsewhere; tliat is to 
say that the frequency of permanent cardiac involvement is about 
three times greater for children than for adults. It must be pointed 
out here that the present study is based exclusively on the 
polyarthritic manifestation of rheumatic fever. 


C. Chronic Polyarlhrilis, 

Jespersen has convincingly shown that there is no relationship 
between rheumatic fever and primary clironic, progressive poly-' 
arthritis. On the other hand, he believes that rheumatic fever is 
not infrequently followed by a characteristic chronic affection of 
the joints, secondary chronic arthritis. His material and mine 
have much in common, being both from hospital services and both 
from about the same period (his, 1923 — ^ 24 ; mine, 1921 — 30 ). It 
seems, though, that his patients Avere a little older than mine when 
they got their first attack; at least they were older at the time of 
their admission to hospital. Thus, only 27.6 per cent of his Avomen 
Avere under tAventy years old Avhen hospitalised, Avhereas 38 per 
cent of mine Avere under that age, and of the men respectively 37 
and 62 per cent in the tAvo materials. Apart from this, these tAvo 
materials should be excellent objects for comparison, all the more 
because they are from the same country. And yet there is the strik- 
ing difference betAveen them that Jespersen found secondary rheu- 
matic arthritis in 28.9 per cent of his Avomen and in 19 per cent of 
his men, while I did not find a single case of that disease among my 
patients. It might possibly be because my patients Avere younger 
Avhen they had their first attack, and at the time of the after-exam- 
ination no yet old enough to have got secondary arthritis; hut this 
explanation can hardly be the right one, seing that I did not find a 
single case of that disease among them all. If the age Avere a factor, 
I must have found at least a feAV. 
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Jespersen found complaints of articular pains or of periodical 
swelling of the joints in 23.6 per cent of the women and in 16.9 ner 
cent of the men. My figures are not much different, respectivelv 
31.5 and 12.5 per cent. ^ 

As already said, many other authors believe that rheumatic 
fever and chronic polyarthritis are related diseases; some because 
the chronic articular lesions come as sequel to acute rheumatic fever, 
others on account of histopathologic points of similarity and the 


occurrence of nodules in both. As Clemmesen points out, it is ne- 
cessary, however, closely to consider whether an atypically pro- 
tracted rheumatic fever is not in fact the beginning of a chronic 
polyarthritis. It is no doubt often such cases that have been called 
secondary' polyarthritis. 

As regards the nodules as the missing link in the chain of proof, 
these formations occur, at least in Denmark, almost exclusively in 
connexion with chronic polyarthritis and are extremely rare in 
rheumatic fever. Their value as evidence, therefore, seems to me to 
he very' slight. 

IMoreover, several authors point to the fact that whereas rheu- 
matic fever occurs with equal frequency in both sexes, chronic 
polyarthritis is preeminently a female disease (80 per cent, accord- 
ing to Gram and Heidemann). Finally, all authors agree that 
rheumatic fever often gives rise to valve lesions, while several cli- 
nicians, Bach and Warburg among others, have never seen chronic 
polyarthritis in patients with rheumatic heart disease. 

From study of the literature and from the result of my own in- 
vestigation I feel justified In believing that rheumatic fever does 
not produce primary chronic, progressive or any other form of 
chronic polyarthritis, but that patients who have had rheumatic 
fever are sometimes inclined to get pains in the joints, especially 
under the influence of cold. 


Summary. 

With a view to the elucidation of the prognosis in rheumatic 
fever, the author has followed up and examined 209 patients treated 
for that disease during the years 1921 — 30. The material comprises 
individuals of all ages and of both sexes. The distribution by sex 
and age groups is shown in Table I and Charts I, II and III. K is 
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seen from these that the largest number of first attacks falls in 
the age group 11 — 15 years, and that there in the age group 

21 30 is a great preponderance of females. The causes of this 

are briefly discussed. 


The Tendency to Recurrence. 

A- Earlier Invesiigaiions 

The literature is reviewed for data concerning the frequency of 
recurrences and the time of their occurrence in relation to the 
initial attack. It is shown that the findings of the various authors 
in this respect are more or less similar. Thus, they all agree that 
the susceptibility to recurrence is greatest in early youth and 
becomes less with increasing age, and that the recurrences oftenest 
occur within a few years after the first episode. 

B. Own Results. 

Half of the cases in the material had had at least one recurrence. 
Most of these occurred in the first years after the initial attack, but 
in not a few instances there w^as an interval of from 10 to 20 years 
before the first return of the symptoms. The frequency of recur- 
rences in the different age groups is shown in Table II, from rvhich 
it is seen that the tendency in this respect decreases in inverse ratio 
to the age at first attack. In Table III is shown the relation, in 
time, between the occurrence of the recurrences and the initial 
attack. Finally, the author gives it as his conclusion that although 
most of the recurrences, by far, occur with ten years after the 
primary episode, there is no certainty that a rheumatic fever may 
not recur at any, more distant time. 


The Frequency of rheumatic Heart Disease. 

A. Earlier Invesiigaiions. 

The author reviews the literature for data respecting the fre- 
quency of chronic rheumatic heart diseases consequent on rheuma- 
tic fever such as they appear from the various published materials. 
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It IS shown that It often takes several years for mitral stenosis to 
develop. There is more or less unanimity as regards the incidence 
of the vanous forms of cardiac affection and no great difference of 
opinion as regards the prognosis for the different types. Aortic 
stenosis is the only lesion which persists for any considerable time. 
Finally, the affection is described which Clawson, Bell and Hart- 
zell call )>calcified nodular aortic valve deformity.)) 


B. Own Resutis. 

At the end of the observation period 16.7 per cent of the 209 
patients had chronic rheumatic heart disease or had died from such. 
Table IV shows the different types of lesion found; a few of them are 
discussed in some detail. There was no aortic lesion among them of 
the »calcified nodular valve deformity')) type. Among 4,000 post- 
mortem records from the period 1924 — 41, twenty-four cases were 
found which might be considered as belonging to this type, but 
only in connexion with 4 of them was there any mention of previous 
rheumatic fever. In Table V the material is divided into two groups 
according to whether the patients had had their first attack before 
or after the fifteenth year of life. As the Table shows, there were 
about 3 times as many with rheumatic heart disease in the younger 
of these groups than in the older. Of all the 209 patients followed, 
only 3 (1.4 per cent) died within 5 years and only 4 (1.9 per cent) 
within ten years after the first attack. 


The Diagnosis of cardiac Affections during the 
acute Attack. 

In 56 of the patients wdiose hearts were found in a sound con- 
dition wdien they were after-examined, rheumatic cardiac disease 
had been diagnosed during their stay in the hospital. The methods 
b})^ which the diagnosis was established is described. Thirty-six o 
of them w^ere at the after-examination examined stethoscopica ) 
and no signs of cardiac affection found; and in the case of 11 o 
these this examination was further supplemented by roentgen 
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examination and electrocardiography, all with negative result. 
Similar findings are known also from the literature. It is pointed 
out that systolic murmurs and accentuated Pg are not uncommon 
phenomena in normal subjects, either. For the sake of comparison, 
the conditions found in the cases where the after-examination 
revealed affections of the heart are described. Only in about half of 
the cases in which indubitable cardiac affection later developed had 
it during the initial attack been possible to diagnose heart disease. 


Chronic rheumatic Affections of the Joints. 

A. Earlier Investigaiions. 

A review is given, first of the works of those authors who main- 
tain that there is a relationship between rheumatic fever and 
chronic polyarthritis, next of a number of works whose authors 
take the opposite view. It is mentioned that the presence of sub- 
cutaneous nodules both in patients with rheumatic fever and in 
patients with chronic polyarthritis is considered by some as the 
conclusive proof of a common etiology for the two diseases, while by 
others this is not considered as proof. It is noted that in Denmark 
nodules are rare in rheumatic fever, in contrast to w'hat is the case 
especially in anglo-saxon countries. 


B. Own Results. 

No case was found either of primary chronic, progressive poly- 
arthritis or of the secondary rheumatic arthritis described by 
Jespersen. The most frequent finding was complaints of periodical 
pains in the joints, without swelling of the latter. Such pains 
were complained of by 39 patients, while periodical changes in the 
joints were found only in 10 cases. The results of the observations 
are represented in Table VI, which shows that women, especially, 
are susceptible to such articular pains. Affection of the joints in 
connexion with chronic rheumatic carditis was rare, being found 
only in 3 cases of 49. 
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Discussion and Conclusion. 

A. The Tendency io Recurrence 

Tlie autlior’s findings respecting tendency to recurrences agree 
well with those of other investigators, both as regards the number 
and time of the recurrences and the interval between the first 
attack and the return of the symptoms. 

B- Rheumatic Heart Disease. 

The author notes as characteristic the small number of the 
patients in his material (16 per cent) in whom rheumatic heart 
diseases were found. He gives this as the reason why he has not 
ventured to form any conclusions with regard to the incidence of 
the different types of cardiac affection. He compares his results 
with those of various otlier authors and shows that their findings 
for the greater part reflect a more serious condition than his o^wi, 
especiall)’^ as regards the fatal nature of the disease. The connexion 
between the presence of subcutaneous nodules and severe cases 
of carditis is spoken of. Among his cases there were none of the 
calcified type of aortic stenosis described by Clawson, Bell and 
Hartzell. Finally, he concludes that in Denmark permanent injury 
to the heart consequent on rheumatic fever is rarer than one would 
expect from findings elsewhere. Only as far as children are con- 
cerned do his obserxmtions seem to agree better with those of other 
authors; the frequency of cardiac involvement being in his mater- 
ial 3 times greater for children than for adults. 


C. Chronic Polyarthritis. 

The author discusses his owm findings and compares them 
especially with those of Jespersen, because the material of that 
other Danish investigator should be particularly suitable for com- 
parison wuth his own. He therefore also notes it as all the more strik- 
ing that Jespersen found quite a number of patients w'ith secondary 
rheumatic arthritis, whereas there was not a single case of that 
character among his ovm. He discusses wdiether the cause of this 
should be the circumstance that his own patients w'ere younger at 
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the time when they had their first attack and therefore at the time 
of the after-examination hot old enough to have gotten secondary 
arthritis. As regards the occurrence of periodical pains in the joints 
and tumefaction of the latter, he finds that there is good agreement 
between the two materials. He rejects the idea of the subcutaneous 
nodules as conclusive evidence of a relationship between rheumatic 
fever and chronic polyarthritis. Finally, he concludes that rheu- 
matic fever does not give rise to primary chronic, progressive 
polyarthritis or other forms of that disease, but that patients who 
have had rheumatic fever are inclined to get periodical pains in 
the joints, especially under the influence of cold. 
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In a previous article (1941) Ave stressed the confused state of our 
knoAvledge concerning the anaphylactic, allergic and immune mani- 
festations in tuberculosis, which various factions believe to be simi- 
lar or different biological phenomena. After having reviewed lite- 
rature and placing these biological reactions in juxtaposition, we 
presented a number of experimental data which aimed to demon- 
strate that tuberculoprotein as such fails to immunize against viru- 
lent tuberculous infection, but sensitizes guinea pigs both actively 
and passively to fatal anaph 3 dactic shock, without conferring aller- 
gic hypersensitiveness on the animals. Antianaphylaxis could readily 
be induced in tuberculous animals, which were both tuberculopro- 
tein anaphylactic and tuberculin allergic, without the state of 
allergic hypersensitiveness being abolished. Finally, the state of 
allergic hypersensitiveness could be completely removed from tuber- 
culo-immunized guinea pigs without any loss of acquired immu- 
nity. From these experiments we concluded that the specific anti- 
bodies responsible for tuberculo-anaphylaxis and tuberculo-immu- 
nity are non-identical and that the state of tuberculo-allergy does 
26 — Acta mcd. scandinav. Vol. CXIl. 
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not at all depend upon specific antibodies. Thus it would appear 
that the tuherculo-biological phenomena of anaphylaxis, aller/jv 
and immunity are independent and separable and that their con- 
comitant presence in subacute and chronic tuberculosis is merely 
fortuitous. But to produce concurrently all these three biological 
states in one and the same animal and subsequently to separate 
them individually is not known to us to have been accomplished in, 
tuberculosis. The burden of this report is just such an attempt. 
"We arc inclined to believe that such an experiment will have 
definite connotation for our understanding of immunity in experi- 
mental and clinical tuberculosis. Such implication is in point the 
recent obser\mtions of the immediate defense skin reaction at the 
site of BCG-revaccination in previously vaccinated but persistently 
tuberculin negative persons (Birkliaug, 1941; Thorldldsen, 1942). 
This appears to be the clinical manifestation of the experimental 
state of tuberculo-immunity without allergic hypersensitiveness 
wiiich we have called ialhergic immunity. 

Materials and methods. 

Animals. — Thirty-six normal and tuberculin negative guinea 
pigs were divided into 3 equal groups hereafter called (I) iathergic- 
immune, (II) allergic-immune, and (III) controls. Group I weighed 
549 sigma 55.15 g before the experiment began; group II weighed 
520 sigma 86.26 g, and group III weighed 607 sigma 82.17 g. 
Animals of the same sex w'cre placed in groups of 6 in metal 
cages (46 x 46 X 35 cm) having closed sides and topped with a 
metal wirelid having 3 cm^ wide meshes. The diet consisted of 
approximately 50 g turnips, 75 g hay, 10 g oats and 25 g fresh 
bro'wn bread. No extra W’ater was given. The diet w'as supple- 
mented thrice w'eekly with cod-liver oil and »VitakaIki> (a calcium- 
phosphorus, vitamin D, etc, preparation which greatly increases 
the complement and reduces intcrcurrent infections during the 
autumn-winter season). The temperature of the animal house 
varied bebiveen 15—18° C. During the experimental period no inter- 
current infection occurred in the animal house. 

Anaphylactic sensitization. ■ — The animals in groups I and II 
were injected intravenously in the exposed jugular vein with 1.92 
mg BCG tuberculoprotein contained in 2 cm® of saline, adjuste 



CONCURRENT DEVELOPMENT AND SUBSEQUENT DISSOCIATION ETC. 395 

with ammonia to pH 7.2. The solution was clear. The punctured 
vein was not ligatured but was held compressed with contiguous 
tissue until bleeding ceased. This precaution was followed in order 
to have accessible veins for the assaulting shock dose of the specific 
anaphylactogen. Group III was not sensitized anaphylactically. 

TuberculO'immunization. — The day following the tuberculo- 
protein anaphylactic sensitization, the animals in groups I and II 
were injected in the left thigh muscles with 1 cm^ molten paraffin 
(Parawax 54° C M. P.) containing 200 mg semi-dried BCG from a 4 
weeks’ old Sauton’s culture. The syringe and needle were heated to 
about 60° C and the evenly partitioned BCG-paraffin mass was 
rapidly aspirated into the syringe and immediately injected into 
the left thigh muscles. After the withdrawal of the needle, a finger 
pressed on the punctured site to prevent escape of the BCG- paraf- 
fin mass before it hardened in sUu. The inconvenience to the animal 
of having 1 cm^ of molten (56 — 57° C) paraffin injected intramuscu- 
larly seemed negligible. 

In order to ascertain whether or not the BCG submitted to this 
momentary temperature were still alive, w'e mixed equal amounts 
of BCG and saline heated to 56 — 58° C for 10 minutes and inoculated 
Lowenstein solid egg media with the material. Approximately 
two-thirds of the BCG proved to be alive after the ordeal. The immu- 
nizing focus should therefore contain a mixture of living and dead 
paraffincoated BCG. 

Wien the experiment was terminated approximately 130 days 
after the injection with the BCG-paraffin mass and 50 days after 
the inoculation with the virulent test dose of human tubercle bacilli, 
we found that 8 out of 12 group I (iathergic-immune) animals, or 
66.7 percent, had retained the BCG-paraffin focus intact. Only 4 
out of 12 group II (allergic-immune) animals, or 33.3 percent, had 
done likewise. We have previously (1940) described the greater 
tolerance of the BCG-paraffin mass in the desensitized iathergic- 
immune animals. Doubtlessly, an intimate association exists be- 
tween the permanent retention of the primary focus and the com- 
plete or nearly complete tuberculo-resistance in the iathergic- 
immune animals. It will be recalled that Lurie (1933) has shoAvn 
that in the presence of sufficient residual primarly lesions, the bacilli 

of reinfection are quicldy destroyed without preliminary multi- 
plication. 
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Desensiiizalion with tuberculin. - Group I iathergic-immune 
animals were submitted to a regimen of persistent aUergic desensi- 
zation \\ith tuberculin in order to prevent the development of 
tuberculo-allergy during the entire experiment. The course of 
desensitization began the day after the intramuscular injection ivith 
the BCG-paraffin mass and was repeated every Monday, Wednesday 
and Friday. The desensitizing dose consisted of 100 mg undiluted 
tuberculin, prepared by the State Veterinary Institute at Oslo. The 
injections were made subcutaneously along the legs and abdomen 
at constantly shifting sites. In order to ascertain if desensitization 
was accomplished with the thrice weekly injections of 100 mg tuber- 
culin, we made weekly intracutaneous tests with 10 mg tuberculin, 
with readings both after 24 and 48 hours. Tables 1 and 2 present the 
results of these intracutaneous tests. Three refractory guinea pigs 
(25 percent) showed incomplete desensitization 6 weeks after the 
start of the experiment. The reactions were minimal, but never- 
theless necessitated that the desensitizing dose was increased to 
200 mg tuberculin thrice weeldy. This dose was thenceforth retained 
until the experiment was terminated without the course of desensiti- 
zation having unduly compromised the general health of the ani- 
mals. We have previously (1940) accounted for the excessive tuber- 
culous pneumonia which some authors found always to supervene 
on the excessive use of tuberculin in tuberculous guinea pigs. In 
order to prevent such accidents, we have purposely made use of the 
smallest possible doses of tuberculin for desensitization purpose, 
^vith the result that we rarely observe croupous tuberculous pneu- 
monia in our iathergic-immune animals. The criticism that small 
doses of tuberculin cannot fully' desensitize tuberculo-infected 
guinea pigs is refuted by our crucial test of injecting fatal doses of 
tuberculoprotein intravenously in our iathergic-immune animals 
■with impunity, as will be demonstrated later in this present article. 

Tables 1 and 2 clearly show that while the allergic-immune 
animals in group II present an increasing allergic hypersensitiveness 
in 100 percent three weeks before the test inoculation with •virulent 
human tubercle bacilli, the iathergic-immune animals in group I 
show complete tuberculin desensitization in 75 percent and a rela 
tively insignificant cutaneous allergy in the remaining 25 percent. 
In fact, the difference in volumetric erythema and infiltration 
between these two groups is approximately 16 times greater than 
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llicir standard deviations when reading was made after 24 hours 
(I = 15.680 and P g O.OOl) and 7 times greater after 48 hours. 

1 0 luosc rccalcilranl believers in the immunizing virtue of allergic 
h}7)erscnsiliveness ^Yllo allacli importance to that insignificant 
degree of cutaneous allergy" which is present in 25 percent of our 
jalhcrgic-imimme animals, wc should like to restate »that if allergy 
is synonymous with immunity, then we should expect the hyper- 
allergic animals to present the complelest form of tuherculo-immu- 
nity, which decidedly is not the casc.s 

Virulent siiperinfection. — Exactly two months after the subcu- 
taneous injection of 200 mg BCG in 1 cm^ molten paraffin in the 
iathergic-immune group I and the allergic-immune group II ani- 
mals, we found it appropriate to submit all the three groups of 
animals to a virulent tuberculous infection. A dose of 0.005 mg moist 
weight of a human strain of tubercle bacillus (»Tuxem) was injected 
inlrapcrUoncnlhj into each of the 36 animals. The Lowenstein 
culture of the ^Tuxen^ strain was d wcclcs old. By serial dilutions 
in saline, seeded out on large lubes of Lowenstcin’s solid egg 
medium, wc found that the infecting dose contained approximately 
37,167 viable bacilli (colonies). It should be remembered that the 
lest dose, was administered inlraperitoncally inasmuch as this route 
provokes a more rapidly disseminating tuberculosis than h}' the 
subcutaneous route. Thus the intrapcritoneal test infection presents 
a greater tax on the animal’s luberculo-rcsislance than does the 
subcutaneous route. 

Posl-infcclion luhcrculin reactions. — In order to ascertain 
the status of the organism’s response to tuberculin (allergic hjgier- 
scnsitivcncss), repealed inlracutaneous tests were made with 10 
mg tuberculin in all the 36 animals during the third and seventh 
poslinfection wcelis while the iathergic-immune group was also 
tested during the second and fifth post-infection weeks. Tables 1 
and 2 show that respectively 2 or 3 animals in the iathergic-immune 
group (17 — 25 percent) resisted complete tuberculin desensitization 
and presented a relatively insignificant volume of erjdhema and 
induration and a still more insignificant area of central necrosis 
during the entire post-infection period. These same recalcitrant 
animals showed a marked tendency to produce fluctuating abscesses 
at the sites injected with 200 mg tuberculin. The contents of these 
abscesses consisted of a conglomeration of adventitious bacteria 
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Chart 1, Tuberculin Reactions 48 hours after the Intracutaneous Injection 

of 10 mg Tuberculin. 


-with, no acid-fast bacilli. After incision prompt healing took place. 
The capacity to resist complete desensitization resulted also in a 
tendency to a more hyperplastic tuberculosis (vide Tables 3 — 4, 
uos. 845, 847 and 868) than in the completely desensitized 
iathergic-immune animals. 

The allergic-immune and control groups of animals, on the other 
hand, presented regularly (100 percent) hyper-allergy, with exces- 
sive central necrosis during the post-infection period. A perusal of 
the statistical data in Tables 1 and 2 leaves httle room for doubt 
that desensitization was complete or nearly complete in the iather- 
gic-immune animals. Thus :we observe that the difference in volu- 
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metric erythema and induration between the iathergic-immune and 
allergic-immune or the control groups Avas 9 to 13 times greater 
than their standard deviations, all these differences being of abso- 
lute statistical significance. Likewise, the differences in central 
necrosis between the iathergic-immune group on the one hand and 
the allergic-immune or control groups on the other hand, were from 
3 to 8 times greater than their standard deviations and ahvays of 
absolute statistical significance. It must be admitted, therefore, that 
our claim of complete or nearly complete tuberculin anergy in the 
iathergic-immune animals is made good. 

Post-infcdion weight — We have already stated that before the 
experiment began the iathergic-immune group I animals weighed 
549 sigma 55.15 g, the allergic-immune group 520 sigma 86.26 g, 
and the control group III animals weighed 607 sigma 82.17 g. 
V7hen the experiment was terminated four months later we found 
that group I weighed 513 sigma 69.87 g, group 11 weighed 451 
sigma 100.54 g, and group III weighed 433 sigma 30.17 g. This 
proves that the iathergic-immune animals, in spite of the extra im- 
positions of the thrice weekly injections with 100 — 200 mg tubercu- 
lin plus the intraperitoneal inoculation w’ith 0.005 mg human 
tubercle bacilli, had held their weight nearly undisturbed during the 
entire experiment Avith a total loss of 37 g, or 1/15 th of the original 
body Aveight. The allergic-immune animals, on the other hand, 
had lost about 70 g, or 1/7 th of the original body Aveight, AA'hile 
the control animals had lost 174 g, or % d of the original bod}'’ 
Aveight. These differences in loss of body AATight is proportional 
Avith the everity of the tuberculous infection in tlic three respective 
groups of animals, as Avill be demonstrated later. Statistical eva- 
luation revealed that the difference in final body Aveight between 
group I and group III Avas of slight but unreliable significance 
(i = 2.247 and P = 0.03) Avhile the difference betAveen gi'oups 11 
and III fell far short of any significance {t — 0.434 and P = 0.65). 
Interpretation of these statistical symbols is giA'^en under »Qiiantita- 
tive measures of degree of tuberculosis*) later in this article. 

Mortality rate, Tavo control group III animals died sponta- 
neously of ++-{- and -f-f-f-f generalized tuberculosis (Aude C 
838 and C 844) respectively 50 and 54 days after the virulent super- 
infection. 
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Because these two animals gave proof of a sufficiently advanced 
hyperplastic tuberculosis tvhich could be assessed quantitative- 
ly, we decided to terminate the experiment for the purpose of 
demonstrating and separating the concurrent states of tuberculo- 
anaphylaxis, tuberculo-allergy and tuberculo-immunity, the verj^ 
purpose of these experiments. 


The animals were sacrificed between the 55th and 65th post- 
infection days in the following manner; in the iathergic-immune 
group I, six animals died in acute anaphylactic shock (broncho- 
spastic asphjrxia) while the remaining six animals survived the 
production of antianaphylaxis without succumbing with allergic 
intoxication and were subsequently killed. In the allergic-iminune 
group II, six animals died in acute anaphjdacti.c shock while the 
remaining six animals survived tlie production of antianaphylaxis 
but died subsequently Avitli allergic intoxication. The surviving 10 
control group III animals, which had not been sensitized anaphy- 
lactically, died in allergic intoxication. 


Dissociation of anaphylaxis, allergy] and immunity in 

tuberculosis. 

Tuberculo-anaphylaxis in iathergic-immune animals. — The 
crucial point in these experiments is the concurrent development in 
one and the same animal organism of tuberculo-anaphylaxis, tuber- 
culo-allergy and tuberculo-immunity and subsequently to demon- 
strate and dissociate the two former states, leaving behind the effects 
of the immune state. It ■will be recalled that the first part of this 
experiment, namely the separation of tuberculo-anaphylaxis and 
tuberculo-allergy was successfully carried out in our last publication 
(1941) and that the separation of tuberculo-allergy and tuberculo- 
immunity had likewise been done' in several stages during 1937 
1940. The present series of experiments is a combination of the 
aforementioned investigations. 

Table 3 presents the quantitative data on the production of 
anaphylactic shock in six of the tuberculoprotein sensitized, BCG 
immunized, tuberculin desensitized and virulently infected iather- 
gic-immune animals. The specific BCG-tuberculo-protein shock 
dose was administered intravenously in doses varying from 0.96 
to 4.80 mg crystalline tuberculoprotein suspended in neutral 
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saline solution (pH 7.2). The assaulting dose produced the classical 
symptoms of acute anaphylactic shock, with chills, scratching of 
the nose, bristhng hair, spasmodic sneezes, violent jumps, tonic and 
clonic conwlsions, prostration, slowing down of respiration, mouth 
opening with each violent inspiratory effort, fall in temperature (as 
low as 28° C), discharge of urine and feces, and breathing ceasing 4 
to 7 minutes after the injection of the specific anaphylactogen. 
Autopsy revealed continued heart beats and supervening heart- 
block with 2—3 auricular beats to one ventricular beat. We re- 
confirmed our previous observation (1941) that active peristalsis 
occurred post-mortem in the entire length of the gastro-intestinal 
tract inclusive the stomach, contrary to the report by Auer and 
Lewis (1910) of »no definite peristalsis of colon, caecum or stomach.» 
The gastro-intestinal tract, uterus, lungs and diaphragm showed 
occasionally congestion and ecchymotic flecks. The rigid disten- 
tion of the lungs was the most conspicuous feature. Although the 
weight of the lungs was not notably increased, we found that their 
volume was doubled or nearly doubled. While the normal ratio 
between the weight and volume of guinea pig lungs is approxima- 
tely 1: 1.2, a glance at Table 3 shows that it was increased on the 
average to 1: 2.33 in these anaphylactic animals. Sections of the 
lungs revealed an extreme dilatation of the alveoli, with numerous 
interstitial and intraalveolar hemorrhages, not due to simple 
emphysema, but to a violent contraction of the bronchioles and 
rupture of their smooth muscle fibers. It will be recalled that the 
bronchioles in the guinea pig lungs are excessively supplied with 
smooth muscle fibers. The violent spasms of the bronchioles caused 
retention of the inspired air within the dilated and ruptured alveoli. 
Thus death was brought about by bronchospastic asphyxia rather 
than by circulatory failure. 

The next important obsersmtion in these six guinea pigs was the 
high degree of tuberculo-resistance against the virulent test infec- 
tion with human tubercle bacilli. Abscesses were entirely lacking 
in the abdominal muscles penetrated by the needle through wiiicli 
the virulent inoculum was injected intraperitoneally. Hyperplasia 
in the omental and mesenteric lymph nodes, wiiich ahvays results 
from intraperitoneal infection with virulent tubercle bacilli, wns 
completely absent, the spleen and liver were nearly normal in size 
and appearance, and the lungs showed occasionally a few discrete 
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gray tubercles Avhich were not caseated. The general lymph nodes 
presented hkcAwse a remarkable normal appearance and volume. 
Two animals presented no macroscopic lesions whatsoever 
861 and 867). We shall return later to the quantitative evaluation 
of the visceral data. 


Aniianaphylaxis and anergg in iafhergic-immune animals. 

Having established in the preceding experiment that an excessive 
state of tuberculo-anaphylaxis was present in the iathergic-iriimune 
group I animals, we planned to produce antianaphylaxis in the 
remaining six animals in this group. The jugular vein was exposed 
and the needle fixed in situ with a ligature. The specific BCG 
tuberculo-protein, dissolved in neutral saline (pH 7.2), was then 
injected into 3 animals (D 847—849) in exceedingly small doses of 
0.096 mg every minute during 10 minutes until a total of 0.96 mg 
tuberculoprotein had been injected. A transient and moderately 
severe anaphylactic shock was invariably produced following the 
first injection, but the attack passed off rapidly until no reaction was 
provoked after the third or fourth interspersed injections. In the 3 
remaining animals an extra dose of 2.88 or 4.80 mg tuberculopro- 
tein was added to the 0.096 x 10 mg doses injected during the pre- 
\dous 10 minutes. We have earlier (1941) described the high tuber- 
culin activity of the natural or purified BCG-tuberculoprotein which 
we employ’’ in these experiments. Although it fails to sensitize 
normal guinea pigs allergically towards tuberculin, the BCG- 
tuberculoprotein kills tuberculous guinea pigs regularly in 2 to 14 
hours after the intravenous injection with 1 to 3 mg tuberculopro- 
tein. Our purpose in injecting the extra amount of tuberculoprotein 
on top of the anaphylactic desensitizing dose, was to prove that 
our iathergic-immune animals were truly allergically desensitized 
viscerally as well as cutaneously and hence should not succumb 
in allergic intoxication. A glance at Tables 1 and 2 will show’ that 
these animals were completely or nearly completely cutaneously 
anergic tow’ard tuberculin. Our supposition was confirmed. Every 
one of these 6 animals survived the ordeal of being converted from 
the anaphylactic to an antianaphylactic state w’ithout presenting 
any symptoms or signs of allergic intoxication during the following 
16 — ^24 hours when they were killed for histopathological purpose. 
Autopsy revealed no exudations nor hemorrhages w’hich always 
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attend tuberculin intoxication, but only the same proofs of com- 
plete or nearly complete tuberculo-resistance which we have de- 
scribed above in the other half of the iathergic-immune animals. 
The quantitative data are presented in Table 4 and will be discussed 
later. 

Thus we have demonstrated experimentally that iuherculo- 
anaphylaxis, iuberculo-allergg and iubercido-immunUy can be pro- 
duced concomiianlhj in one and fhe same animal organism and that 
subsequent production of aniianaphylaxis and tuberculin anergy is 
possible of accomplishment ivilhoui the abolition of tuberculo-immu- 
niiy. This statement is supported by our previous (1941) demon- 
stration that repeated injections of BCG-tubcrculoprotein fail to 
immunize guinea pigs against a virulent tuberculous infection, and 
that allergy invariable develops after the injection of dead or living 
tubercle bacilli. The successive elimination of anaphylaxis and 
allergy must, therefore, of necessity leave tuberculo-immunitj’’ 
behind intact. 

The following experiments will prove that antianaphylaxis fails 
to remove allergic hypersensitiveness and that the latter is not 
essential for the production of immunity, although it may co-exist 
with a certain degree of immunity. 

Tuberculo-anaphylaxis in allergic-immune animals. — Table 5 
presents the essential quantitative data on six allergic-immune 
group n animals which had been anaphylacti.cally sensitized with 
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+ + 

400 { 


15.0 

1:2.14 

36.5 

1.4 

0.64 

7.1 



Average 

529 

7.5 

17.5 

1:2.33 

35.0 

1.3 

0..57 

4.8 
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Table 4. 

T^icrcnto-Amanaphyla^is and Tatercnlln Anergy In j..,,, 

culous Guinea Pigs. 
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D— 847 
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+ + 

450 
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I 

1: 1.25 

28.5 


0.67 

3 4 

D— 848 


16> 

+ + 

420 

7.7 

■ 


31.0 

1.4 

0.57 

4 4 

D— 849 
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± 
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54.5 
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» » +2.88 

24= 

± 

550 

7.5 

jm 

1: 1.47 

37.5 


Km 

G.O 

D— 846 


16= 

i 

490 

6.7 


1: 1.19 

41.5 

1.0 

0.55 

2.5 



16= 

+ 

440 

10.2 

11.5 

1: 1.13 

35.0 

1.4 

0.19 

3.0 



Average 

493 

8.1 

9.5 

1: 1.12 

38.0 

1.1 

0.49 

4.1 


Total average (12) 

513 

7.8 



36.5 . 

1.2 

0.53 

4.4 


tuberculoprotein, immunized witli BCG and infected intraperi- 
toneally with virulent tubercle bacilli. In order to prove the pre- 
sence of anaphylactic sensitization in this group, an assaulting dose 
of 0.96 to 4.80 mg specific tuberculoprotein was injected intra- 
venously in the jugular vein. All the six animals succumbed in 
acute anaphylactic shock within 3 to 7 minutes later. The data 
on the lungs are essentially those described under the anaphy- 
lactic death in iathergic-immune animals, namely an increased 
weight and volume ratio from the normal 1: 1.2 to 1:2.83. The 
most conspicuous pathological difference between these and the 
iathergic-immune animals was the advanced degree of visceral 
tuberculosis, with one -}- + + and five -1- + + + generalized tuber- 
culosis. The weight of the spleen and mesenteric lymph glands was 
5 times greater than those recorded in the iathergic-immune group 
and that of the total lymph glands is the double. We shall return to 
the discussion of these quantitative differences later. 

Antianaphylaxis and allergic death in allergic-immune animals. 
— In this phase of our experiments we find the counterpart to the 

^ Transient anaphylactic shocic early in process of desensitization, recovered, 
remained ■well. Killed 16 — 24 hours later (proof of complete or nearly complete 
tuberculin anergy, i. e. iathergy). , 

® Violent anaphylactic shock early in process of desensitization, recovere 
and remained -well. Killed 16 — 24 hours later. 
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tuberculin anergy which we observed in the antianaphylactic iather- 
gic-immune animals (vide Table 4). The data given in Table 6 are 
drawn from the six allergic-immune animals which remain in group 
II. It will be recalled that these animals have received tlie same 
preparatory treatment as the iathergic-immune animals in Table 4 
except that these allergic-immune animals have not been desen- 
sitized allergically with tuberculin. Antianaphylaxis was attempted 
in these animals in exactly the same manner as in the iathergic- 
immune animals in Table. But tlie conspicuous feature is that 
every one of these allergic-immune animals developed fatal tuber- 
culin intoxication within 10—12 hours after the intravenous injec- 
tion with 0.096 X 10 mg specific tubcrculoprotcin plus 2.88 or 
4.80 mg. Autopsy revealed excessive exudations in the serous cavi- 
ties and extensive licmorrhages in tlie viscera, especially in the liver 
and the spleen. Two animals presented -\-+ tuberculosis, two 
and tAvo -}- + + + generalized tuberculosis. A glance at 
Tables 3 — i and 5 — 6 reveals at once the more excessive tuberculous 
hyperplasia in the viscera of the allergic-immune than of the iather- 
gic-immune animals. But we shall return later to the quantitative 
evaluations of the organic changes in this group. Thus we liavc de- 
monstrated that ihc abolition of tnberculo-anaphylaxis in the aller- 
gic-immune tuberculous animals is acconiplished only at ihc risk of 
producing fatal allergic inloxicalion, and that allergic hypcrscnsilivc- 
ness is not esscmial for ihc development of iuberculo-immunify. 

Table 5. 


Tubcrculo-Anaphijlaxis in AUergic-Immunc Tuberculous Guinea Pigs. 


Animal No. 
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Ml 
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Gm 
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0.90 

4 

+ + + + 
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5.9 

A— 853 

0.9C 

4 

+ + + + 
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6.5 

18.8 

1:2.89 

35.0 

5.1 


4.0 

A— 862 

2.88 

5 

+ + + + 

400 

6.7 

16.5 

1:2.46 


9.0 


12.9 

A— 863 

3.84 

3 

+ + + 

500 

5.7 

16.0 

1: 2.81 

33.5 

7.2 

3.30 

12.4 

A— 873 

3.84 

7 

■f* + + 

400 

6.0 

18.5 


42.5 

3.4 

0.51 

8.0 

A— 872 

4.80 

4 

+ + + + 

380 

5.1 


1:3.82 


6.6 

1.30 

9.7 


— 


Average 

408 

0.5 



40.0 

■a 


8.9 
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Table 6. 


Tiibcrmlo-Anlianaphylazis and Allergic Death in Allergic-Immune 

Guinea Pigs. ‘ ' 
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31.5 

1.1 

2.11(1 
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0.7 
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35.5 

2.3 
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’>.5 

Total average (12 

animals) 
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0.0 



38.0 

...r, 1 




Tuherculo-allcrgg in control animals. — Tn))3e 7 prcscnls llie 
quantitative data on twelve control tuberculous guine pigs. Two oi 
these died spontaneously with -{-'f-i' -r-r-f-r generalized 
tuberculosis. Tlie remaining ten animals were injected intraven- 
ously in the jugular vein willi 0.96 to 4. SO mg. BCG-tubcrculo- 
protein. In none of these animals was acute anaphylactic shock pro- 
duced, but ever}' one died 7 to 12 hours later in protracted allergic 
intoxication. Autopsy revealed extreme semi-sanguinous exuda- 
tions into the serous cavities and extensive hemorrhages in the liver, 
.spleen, lungs and lymphatic glands, especially in the mc.scnter}' and 
omentum, besides fulminating general tuberculosis, witli inulliplc 
and large infarcts in the spleen and the liver, cavernous tubercles in 
the lungs and hcav-}' fibrocascous hyperjdasia of the lymph glands. 
A perusal of the quantitative data in Table 7 reveals that the spleen 
is nearly G times greater in weight than that in the iathcrgic- 
immune group, and that the total lymphatic glands weigli 4 times 
more than those in the iathcrgic-immune group. It is apparent that 
tlic l\iberculous changes in the allergic-immune animals hold an 
inlennediate position between those recorded for the control and 
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iathergic-immune animals. The quantitative data of the experi- 
ments recorded above have now placed us in position to evaluate the 
immunizing effect of the BCG-paraffin focus on the virulent infec- 
tion with human tubercle bacilli in tuljercuHn anergic or allergic 
organisms. 

Table 7. 


Non-Anaphylaclic Allergic Death in Control Tuberculous Guinea Pigs. 
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8.1 
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10,5 

14.0 

1: 1.33 

52.5 

10.1 
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8.0 

10.5 

1; 1.29 

43.6 

0.8 

7.02 

17.8 


Quantitative assessment of tuberculo-immunity. 

Our previous experience lias taught us that the most exact 
method for determining the tuberculous hyperplastic changes which 
take place in the lymphatic glands is by the water displacement 
apparati already described (1940). The smallest of these apparati 
is calibrated down to 0.001 ml. The data in Table 8 arc collected 
by means of these apparati. The weight of the spleen, liver, lungs 
and the pooled (total) lymphatic glands is known to vary according 
to the body weight of the animal. In Table 9 we have therefore 
converted these weights into the more exact percent of the animal’s 
body weight. The completed data are subsequently submiUed to 
statistical analysis according to Fislier’s (1936) method for compa- 
rison of two comparable means (ic) and (ij). In our present study we 
sr — Ada med. scandinao. Vol. CXII. 
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liave cliosen to reject as insignificant any mean value of P (pro 
bability) which is more than 0.01. The symbol P ^ 0.01 signifies^ 
therefore, that the observed mean deviations bearing this or smaller 
values must be considered to have absolute stalislical significance 
and cannot have occurred by chance alone. In Fisher’s 1938 tables 
for distribution of i (symbol signifying how much greater the diffe- 
rence between x and y is than their standard error), a jP:^ 0.01 
requires that t ^ 2.819 when each group contains 12 animals or 
samples. Ever)’’ difference liaving absolute significance is italicised 
in Tables 8 and 9. »Sigma)) or the standard deviation (square root of 
the arithmetic mean of the squares of the deviations from the 
average) enables one to follow the actual dispersion from the average 
within the gi-oup. This measure gives more weight to extreme cases 
than other measures of variability. By this cumbrous and carefully 
planned quantitative procedure we have endeavoured to assess as 
objectively as possible the degree of tuberculous hyperplasia as it 
occurs in the iathergic-immune, allergic-immune and control 
animals. We are guided in this respect by Lord Kelvin’s classical 
remarks that )>whcn you can measure what you are speaking about 
and express it in numbers, then you know something about it. But 
when you cannot measure it, nor express it in numbers, your know- 
ledge is of a meagre and unsatisfactory ld.nc 1 .» 

Volume of lymph glands. — The volumetric data on the most 
representative 13 ’mph glands in the guinea pig organism are given 
in Table 8 . We are at once struck by the nearly normal volumes 
of the lymph glands in the iathergic-immune group I animals, the 
moderately enlarged volumes in the allergic-immune group 11 ani- 
mals, and the excessively hyperplastic lymphatic glands in the 
control group III animals. Wlien the volumetric data of the iather- 
gic-immune group are compared with those of the control group 
(I vs III), we find that 11 out of 16 lymphatic glands show diffe- 
rences of absolute statistical significance, or an efficiency of 68.8 
percent in favour of the higher tuberculo-glandular resistance in 
the iathergic-immune animals. The comparison of the glandular 
volumetric data in the allergic-immune group with those in the 
control group (11 vs III) reveals that only 3 out of 16 lymphatic 
glands show differences of absolute statistical significance, or an 
efficiency of only 18.8 percent in favour of a higher glandular 
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tuberculo-resistance in the allergic-immune than in the control ani- 
mals. Plates I— III depict demonstratively the apparent dilfe- 
rences in the excessive fibrocaseous lymph glands in the control 
group, the relative hyperplasia in the allergic-immune group and 
the nearly normal appearance of the lymph glands in the iathergic- 
immune group. The most conspicuous differences obtain in the 
mesenteric glands which bear the gi*eatest brunt of the intraperito- 
neal inoculation with virulent tubercle bacilli. 


Weight of total lymph glands. ~ When the lymphatic glands 
enumerated in Table 8 are pooled and weighed as »total glands» 
converted into percent of the animal’s body weight, as stated in 
Table 9, we find that the difference between the iathergic-immimc 
and control groups is nearly 8 times greater than their standard 


Table 8. 


Tuberculous Hyperplasia in Lymph Glands 


Statistical analj-scs ol volume (in ml) of lympli glamls from (I) iallierRic- 
immune, (11) allcrgic-imimmc, and (HI) control tnberculoiis guinea pigs. 

(12 animals in each group). 
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0.8G0 
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0,40 
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0.137 
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n 
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2.967 

< 0.01 
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» Rt 
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0.050 
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0.060 
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o.os 
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0.0G5 

0.052 

0.080 

0.058 

0.110 

0.053 
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0.07 

1.205 

0.25 

* 9 Rt. . . 

0.050 

0.0-15 

0.037 

0.02-1 

0.080 

0.037 

1.633 

0.11 

3.097 

< 0.01 


Statistically significant deviations from the comparable group appear in 
Italics, t alucs sho^Yn in ordinary type proved not i o be .statistically significant 
deviations from the comparable group. , ^ 
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immunity ^Yllich is acquired through the BCG-paraffin premuni- 
tion. Hence we may conclude that even as we liave dissociated 
tuberculo-anaphylaxis from tuberculo-allergy in one and the same 
animal organism, we have also dissociated tuberculo-immunity 
from the two before mentioned biological phenomena on the basis 
of a nearly complete tuberculo-resistance in the glands of the iather- 
gic-immune animals. 

Weight of spleen, liver and lungs. — The weight of the spleen, 
liver and lungs was converted into percentage of the animal’s body 
weight and these data are presented in Table 9. It is well to recall 
the statement by Allan K. Krause (1919) that »in the guinea pig . . . 
the spleen is undoubiedhj the organ ibat is most prone to tubercle.r> 
Thus we find that the weight of the spleen in the iathcrgic-immune 
group was only 0.340 percent of the body weight while it was 1.740 
percent in the control group. The difference between these two 
groups was found to be 4.79 times greater than their standard error, 
or of absolute significance (P 0.001). The difference between the 
1.1 percent splenic weight in the allergic-immune group and the 
1.74 percent in the control gi-oup fell short of any significance 
(P = 0.15). B}'’ this same procedure, the weight of the liver in the 
iathergic-immune group was found to be 7.68 percent of the body 
weight while the weight of the liver in the control group was 10.383 
percent. The difference between these two weights was more Llian 5 
times their standard error, or of absolute significance (P 0.001). 
The weight of the allergic-immune liver was 8.911 percent of the 
body weight and failed to differ significantly from that of the con- 
trol group. The weight of the lungs in the iathergic-inimunc gi’oup 
was 1.54 percent of the body weight while it Avas 1.95 percent in 
the control group. The difference between these two weights was 
2.156 times greater than their standard error, but this gives a P 
— 0.04, which, although it falls Avilhin the limit of significance 
(tAAqce the standard error) it docs not place any high degree of con- 
fidence (i. e. P = 0.01) on the results (vide Fisher, 1936, pp. 121 
and 131). The same holds true for the difference in the Aveight of 
the lungs in the allergic-immune and the control groups. 

The photographs of the lungs, liver and spleen from Iavo animals 
in each of tJic three groups under discussion (Plates I— III) depict 

clearly the marked differences in macroscopic tuberculous lesions 
in these animals. 
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Thus, the significant findings in the lymph glands are repeated 
in the quantitative analyses of the spleen, liver and lungs, lliis 
permits us to conclude that the highest degree of tuherculo-resistance 
is abundantly present in the i.athergic-immune animal organism 
which is barred from becoming allergic hypersensitive neither during 
the period of immunization nor during the virulent superinfec- 
tion. Furthermore, it is quite apparent that acquired tuberculo- 
resistance is greatly dissipated in the state of allergic hypersensi- 
tivity which, in the words of S. Lyle Cummins (1939) is »the 
shadow but not the substance of immunity, (which) is drawn across 
the picture and leads, or has led, to a great deal of confusion.)) 


Table 9. 

Tuberculous Hyperplasia in Spleen, Liver, Lungs and Total Lymphatic Glands, 

Statistical analj'sis of weight of spleen, liver, lungs and total lymphatic glands 
expressed in percent of the animal's body weight (12 animals in each group). 


Org.nns 

I. lalherg- 
Immune 

II. Allerg.- 
Immune 

III. Control 
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r 0 b a 

b i 1 

i t y 

I vs III 

n vs III 


Av.% 

Sigma 

Av.% 

Sigma 

Av. % 

Sigma 

i 

P 

i 

P 

Spleen . . 


■ 


0.223 

1.740 


4.790 


1.522 

0.15 

Liver . . 

7.180 


8.911 

2.372 

10.383 


5.096 


1.644 


Lungs . . 


0.121 


0.2SG 

1.950 

0.521 

2.156 

0.01 

2.619 


Glands. . 

0.890 

0.103 

2,040 

0.882 

3.99C 

1.300 

7.669 


4.118 

< 0.001 


Viable tubercle bacilli in the spleen. — It is agi-ced that the highest 
function of acquired immunity is to localize and to destroy in- 
vading virulent microbes. We have already emphasized the exces- 
sive vulnerability of the guinea pig spleen for tubercle bacilli. It 
was decided therefore to determine by culture the number of viable 
tubercle bacilli which might be present in the, entire spleen in half 
of the animals in each of the three groups. Because of the uniform 
smallness of the spleen removed from the iathergic-imniune animals 
(0.7— 1.5 g), the entire organ was cultured from 6 animals in tliis 
group. The size of the spleen taken from the 6 allergic-immune and' 
6 control animals was so large (2.1—11.5 g) that we found it in- 
convenient to employ the entire organ. Approximately 1 g of the 
spleen was therefore removed from each of these animals for culture. 
The method of the bacterial technique was the same as we have pre- 
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Table 10. 


Distribution of viable tubercle bacilli in the spleen of iathergic-immune, alkrak 
immune and allergic-control guinea pigs. ^ 


Animals 

Spleen 

Colonies 

of tubercle bacilli in i 

Group 

Nr 

Total 

weight 

gm 

Weight 

cultured. 

gm 

Dilutions 

Estimated 
in total 
spleen 

1/10 

1/100 

ifimflflHBWI 

lathergic- 

D— 3 


1.5 

138 


2 

0 


Immune 

D— 4 


1.0 

20 


0 

0 

1^ 


D— 5 


0.9 

3 

0 

0 

0 

30 


D— 6 

mm 

1.4 

264 


2 

0 



D— 8 

1.4 

1.4 

206 


1 

0 



D— 9 

0.7 

0.7 

42 


0 

0 

HBI 

Total: 


G.9 

6.9 

673 

61 

5 

0 

6,730 

Allergic- 

A— 3 

2.1 

1.1 

oo 

oo 


4 

64,910 

Immune 

A— 4 

3.6 

0.9 

124 

12 

2 

0 

4,960 


A— 5 

5.1 

1.3 

OO 

oo 

113 




A— 8 

9.0 

1.0 

oo 

oo 

126 




A— 9 

7.2 

1.0 

oo 

43 

6 




A— 10 

3.8 

1.1 

po 


68 

8 

234,910 

Total: 


30.8 

6.4 

oo 

oo 

349 

36 

■1 

Allergic- 

K— 4 

7.7 

mm 

oo 

oo 

96 

14 

739,200 

Control 

K— 5 

9.1 

■M 

oo 

oo 

311 

29 

2,572,736 


K— 6 

6.0 

m 

oo 

oo 

23 

5 

125,455 


K— 7 

3.2 

1.0 

oo 

oo 

53 

6 



K— 8 

3.1 

1.0 

oo 

oo 

38 

4 




11.5 

1.0 

oo 

264 

18 

. 2 


Total 

■■ 

40.6 

6.2 

oo 

oo 

539 

60 

4,028,391 


Calculated tubercle bacilli per 1 gm. splenic tissue: 


In iathcrgic-immune group 975. 

In allergic-immune » = 62,112. 

In allergic-control » = 99,221. 


viously described (1940), namely of making serial dilutions in saline 
of the alkali-acid treated homogenized splenic tissue. This ■ft as 
subsequently seeded out on 50 ml tubes of Ldwenstein s solid egg 
medium. After 8 "weeks incubation at 37.5° C., "we counted the euge- 
nic colonies of human tubercle bacilli. The data of these bacterial 
cultures are given in Table 10. It ■will be seen that the estimated 
viable tubercle bacilli (colonies) contained in the entire spleen 
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varied from 30 to 2,640 in the iatliergic-immune animals, or an 
average of 975 tubercle bacilli per 1 g of splenic tissue. In the 
spleens removed from the allergic-immune animals the bacillary 
counts varied from 4,960 to 1,134,000, or an average of 62,112 
bacilli per 1 g of splenic tissue. In the control spleens the count 
varied from 117,800 to 2,572,736 bacilli, or an average of 99,221 
bacilli per 1 g of splenic tissue. The high degree of tubercle bacillus 
bacteriostasis in the iathergic-immune splenic tissue explains the 
general inhibition of tuberculous hyperplasia in the liver, lungs 
and lymphatic glands in these animals and contrasts well with the 
relatively abundant growth of tubercle bacilli in the allergic-immune 
animals. This reconfirms our previous bacteriostatic investigations 
in iathergic-immune organisms (1940). 

Discussion. 

The separability of tubcrculo-anaphylaxis and tuberculo-allergy 
is widely accepted while the separability of tuberculo-allergy and 
tuberculo-immunity appears to meet with scepticism in many 
quarters. Repeated citations of the recent study b}^ Willis and 
Woodruff (1938) is an example of the inveterate belief that immu- 
nity in tuberculosis cannot exist in the complete absence of allergic 
hypersensitiveness. It will be recalled that these autliors found that 
if desensitized animals are permitted to die from their reinfection 
with virulent tubercle bacilli, they survive a shorter period, develop 
more extensive pulmonary disease, and liarbour larger numbers of 
viable tubercle bacilli in their internal organs than the allergic hyper- 
sensitive animals similarly reinfected but not desensitized. We 
have repeatedly (1937 — 1940) failed to confirm these observations. 
On the contrary, in resorting to careful quantitative assessment of 
the degree of visceral tuberculosis, we have found that the allergic 
desensitized animals resist virulent reinfection far better than 
allergic hypersensitive animals. However, the difference between 
the results of desensitization in the scries by Willis and Woodruff 
and by us, is mostly explained by the fact that while our desensi- 
tizing doses never exceeded 250 mg tuberculin eveiy other day in 
our first and second series and 200 mg thrice weekly in the following 
series, Willis and Woodruff resorted to the daily injection of 1000 
mg tuberculin during 6 months. These excessive doses of tuberculin 
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contained, besides the specific tuberculoprotein, high concentrations 
of glycerin. We recall that Long and Vorwald (1930) had observed 
that tubercle bacilli grew more abundantly in rats treated with 
glycerin than in untreated control animals. That glycerin may not 
be the sole factor in the results obtained by Willis and Woodruff is 
aiiparent from the studies by Follis (1938) and by us (1937—1940) 
in which identical pneumonic lesions occurred in the allergic desen- 
sitized, allergic hypersensitive as well as in the control animals. 
Although Willis and W^’oodruff are inclined to believe that allergy and 
immunity are more closely related than we arc willing to admit, yet 
their experiments prove only that immunity is less, but not lacking 
in llie allergic desensitized (ialhcrgic-immunc) state. Even if the 
immune stale which is shorn of allergic hypersensitiveness breaks 
down more rapidly during the virulent reinfection, the fact remains 
that the desensitized iathcrgic state is still more or less an immune 
slate wliich differs from the slate of the unprotected control ani- 
mals in being nearer to immunity than they arc. This expression of 
faith, as S. Lyle Cummins (1939) puls it, brings the view of Willis 
and Woodruff more or less into line with the view' which Rich and 
his colleagues (1929 — 1934) and wc (1937 — 1939) have advanced, 
though, unfortunately, they arc so expressed as to appear far apart. 
In other words, Willis and Woodruff arc obliged to acknowledge 
some immunity in their desensitized iathcrgic animals while we, even 

if our theory of complete separation of allergy and iathergy is ques- 
tioned, still have established immunity in our completely or nearly 
completely desensitized iathcrgic animals. It is apparent, however, 
that a close approximation exists behveen our views inasmuch as 
Wooeb-uff admits in a personal communication (1939) that shy 
emplojdng smaller doses of tuberculin for dcsensitization purposes#, 
he too has observed »bcneficial effect on the course of a tubercu- 
lous infection.)) This proves Claude Bernard’s statement (1859) 
»that experiments are rigorous and give identical results wherever 
we operate in exactly similar conditions.)) 

In our present study of the concurrent development and alter- 
nate dissociation of tuberculo-anaphylaxis, tuberculo-allergy and 
tuberculo-immunity in one and the same animal organism, "we 
found it necessary to repeat the comparative analysis of the be- 
haviour of the tubercle bacilli of reinfection in the completely or 
nearly completely desensitized iathergic-immune animals and m 
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dude that an effective resistance can be produced against a wu- 
lent reinfection in tlic complete absence of allergic hypersensitiveness. 

It IS clear, therefore, that what we have inferred from earlier 
investigations on the separability of tubcrculo-allergj^ and tuberculo- 
anaphylaxis on the one hand, and tubcrciilo-allergy and tuberculo- 
immunity on the other hand, has now found suggestive confirma- 
tion in our successful! attempt to produce concurrently and to dis- 
sociate alternately these three apparently characteristic and un- 
related biological phenomena, in one and the same animal organism. 

Besides the purely scientific inquiry into the causes and con- 
ditions which determine the character of the observed phenomena, 
wo arc inclined to liclicvc that these studies will have definite 
connotation for the complete evaluation of the resistance against 
tuberculosis, as it is acquired by man. A series of clinical obser- 
vations are already under redaction on the phenomenon observed by 
us (1911), and Thorkildsen (1942), of the persistance of iatliergic- 
immunity in BCG-vaccinated persons who shortly afterwards 
become tuberculin negative, and yet respond to the cutaneous 
nnilliplc puncture revaccination (ad modum Rosenthal), with an 
immediate defensive reaction. A comparison may likewise he 
(h’awn between iathergic-immunity and the state of »positive anergyu 
(negative tuberculin test) which always accompanies the clinical 
entity Lympliogranulomalosis benigna (Boeck’s sarcoid), a con- 
dition which descrs'cs a more extensive experimental investigation 
than the commendable attempt recently made b)' Lemming (1940). 

Summary and Conclusions. 

1. Tuberculo-anaphylaxis, tubcrculo-allerg}^ and tuberculo- 
immunity have been produced concurrently in one and the same 
animal organism and alternately separated as characteristic and 
apparently unrelated biological phenomena. 

2. Purified tuberculoprotein possesses high tuberculin activity, 
is non-toxic for normal guinea pigs, sensitizes anaphylactically but 
not allergically and fails to immunize against virulent tuberculous 
infection. 

3. Elimination of tuberculo-anaphjdactic hypersensitiveness 
by production of non-fatal anaphylactic shock (antianaphylaxis) 
fails to remove or impair tufaerculo-allergic hypersensitiveness. 
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4. Elimination of tuberculo-allergic liypersensitiveness by 
sustained desensitization vvitli tuberculin, fails to remove or impair 
tuberculo-immunity which may be maintained in the complete 
absence of allergic-hypersensitiveness. 

5. Intravenous injection of lethal amounts of tuberculoprotein 
or tuberculin in completely desensitized iathergic-immune guinea 
pigs infected with virulent tubercle bacilli, fails to produce allergic 
intoxication (crucial test of complete desensitization). 

6. Localization and destruction of virulent tubercle bacilli in 
reinfection is significantly more effective and complete in the desen- 
sitized iathergic-immune than in the hypersensitive allergic- 
immune guinea pigs. 

7. Inhibition of visceral tuberculosis following the inlrapcri- 
toneal inoculation with virulent human tubercle bacilli is most 
effective in the completely desensitized iathergic-immune guinea 
pigs while much of the acquired tuberculo-immunity is dissipated 
in the hypersensitive allergic state. 

8. The three tuberculo-biological phenomena of anaphylaxis, 
allergy and immunity appear to disclose distinguishing characteri- 
stics which separate them as independent phenomena. 


The author wishes to aclcnowledgc his indebtedness to his 
assistants Miss stud. med. Hennie Haaland and Mr. Sigbjorn Aamodt 
for their generous technical and statistical services. 
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Explanation of plates, 

Plate 1 . 

Fig. 1. Desensitized iathergic-immune guinea pig D 849, given 0.096 
mg purified tuberculoprotein intravenously every minute during 10 minu- 
tes. Violent transient anaphylaxis ivith recovery (antianaphylaxis). De- 
veloped no allergic intoxication during the following 16 hours {completely 
desensitized allergically). Killed. Note absence of organic tuberculosis in 
lungs, liA'er and spleen. 

Fig. 2. Ibid. Lymphatic glands show normal appearance. Total weight 
of glands 5.2 g. Glands arranged from above downwards in following 
order; left (1) and right knee (ij; If. (3) and rt. sup. inguinal (3); If. (1) and 
rt. deep, inguinal (1); If. (1) and rt. femoral (1); periportal (1); If. (1) and 
rt. tracheo-bronchial (l);lf. (l)andrt. cervical (i);lf. (1) and rt. axillary (1); 
mesentery (on the right) and remaining (retro-renal and sternal, etc.) 
(below). 

Fig. 3. Desensitized iathergic-immune guinea pig D-861, given 3.84 
mg purified tuberculoprotein intravenously. Died in 4 minutes in ana- 
phylactic shock. Note absence of organic tuberculosis. Lungs are hugely 
expanded, weigh 8.5 g and measure 16 ml (ratio 1: 1.88; normal 1: 1.12). 

Fig. 4. Ibid. Lymphatic glands show normal appearance. Total weight 
of glands 3.5 g. 

Plate 2 . 

Fig. 5. Hypersensitive allergic-immune guinea pig A-862, given 2.88 
mg purified tuberculoprotein intravenously. Died in 5 minutes in anaphy- 
lactic shock. Note generalized -f-f-f -f organic tuberculosis. Lungs are 
■widely' expanded, weigh 6.7 g and measure 16.5 ml (ratio 1; 2,46). 

Fig. 6, Ibid. Lymphatic glands sho'w marked caseo-fibrous tuberculous 
hy'perplasia. Total weight of glands 12.9 g. 

Fig. 7, Hy'persensitive allergic-immune guinea pig A-863, given 3.84 
mg purified tuberculoprotein intravenously'. Died in 3 minutes in anaphy- 
lactic shock. Note generalized -r-Fd- organic tuberculosis. Lungs are 
■widely expanded, weigh 5.7 g and measure 16.0 ml (ratio 1: 2.81). 

Fig. 8. Ibid. Lymphatic glands shorv marked caseo-fibrous tubercu- 
lous hyperplasia. Total w'eiglit of glands 12.4 g. 
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Plate J. 

Fig. 9. Control tuberculous guinea pig C-857, given 0.96 mg purified 
tuberculoprotein intravenously. Died 9 hours later in extreme allergic 
intoxication. Note generalized + + + + organic tuberculosis. 

Fig. 10. Ibid. Lymphatic glands show marked caseous hyperplasia. 
Total weight of glands 18.5 g. 

Fig. 11. Control tuberculous guinea pig C-S58, given 0.96 mg purified 
tuberculoprotein intravenously. Died 7 hours later in extreme allergic 
intoxication. Note generalized + + organic tuberculosis. 

Fig. 12. Ibid. Lymphatic glands show excessive caseo-nccrotic tuber- 
culous hyperplasia. Total weight of glands 30.0 g. 
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Prothrombin Content of the Blood in Pulmonary 

Tuberculosis. 

By 

P. PLUM and JACOB E. POULSEN. 

(Submitted for publication May 30, 1942). 


Recently R. F. Sheely found a reduction of the prothrombin 
content of the blood in pulmonary tuberculosis. In 1941 Gyntelberg 
and Dam found that the prothrombin content, measured by Dam 
and Glavind’s R-value method, was normal in the blood of 20 pati- 
ents suffering from pulmonary tuberculosis; half of these patients 
had haemoptysis. From these observations they concluded that 
there was no basis for treating tuberculous haemoptysis patients 
with vitamin K. 

Sheely’s determinations were made with Quick’s method and 
the results are given as the prothrombin content in percentage 
of the normal. In Quick’s method the prothrombin time is 
determined in seconds, and Quick has given a Dstandardi- 
zation curve)) by which the prothrombin time should be con- 
vertible to percent of normal. Here it must be mentioned that 
Quick’s procedure in the drawing of the standard curve has proved 
to be inapplicable. (On the problem of standardization see the 
investigations of Plum and Larsen). As Sheely says nothing of how 
his conversion curve is arrived at, it must be supposed that he 
employed Quick’s procedure or the curve described by Quick. Un- 
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fortunately, variations in tlie prothrombin content in the blood 
between 50 and 100 per cent of normal will cause o.nly slight fluc- 
tuations in the prothrombin time, as Quick’s curve shoAvs; A\ith a 
prothrombin content of 100 per cent the time is about 13 seconds, 
and with 50 per cent it is about 15 seconds. As nothing is said in 
Sheely’s paper of the error of each determination, and as the 
directly measured prothrombin times arc not given, one cannot 
judge of the accuracy of the percentages given. Sheely’s control 
material consists of an unstated number of persons whose 
prothrombin values are merely indicated as being over 90 per 
cent of normal. 

Sheely found very close correlation between the prothrombin 
content in the blood and the degree and healing tendency of the 
tuberculosis; a normal prothrombin content was found in 73 per 
cent of the patients with minimal tuberculosis in 60 per cent with 
moderate and only 9.6 per cent Avith adA'anced stages. Of the most 
seriously affected group 68.5 per cent had a prothrombin content of 
less than 59 per cent of normal. In the group of 44 seriously affected 
patients it is seen that the prothrombin content in all cases arc 
found belAA’een 20 and 69 per cent of normal, and that half of them 
had A'alues betAvecn 40 and 49 per cent. Of 13 haemoptysis patients 
8 had a prollirombi.n content of betAA'cen 35 and 49 per cent of 
normal, AA'hich means a fairly considerable decrease. Vitamin K 
Avas given to four haemoptysis patients Avith a Ioav prothrombin 
percentage; the prothrombin content of all four increased and the 
liaemoptysis creased, either on the same day or very soon aflcr- 
Avards. Sheely considers that the conclusion to be draAvn from 
his investigations is that in certain cases of pulmonary tuber- 
culosis, vitamin K may be an effective factor in the treatment of 
haemoptysis. 


OAvn Investigations. 

Method. The prothrombin determinations Avere made according 
to Plum and Larsen’s modification of Quick’s method. Venous 
blood Avas employed in every case, and no sample Avas used if tliere 
had been any difficulty in taking it. 1.7 cm^ blood Avas taken in a 
syringe containing 3.3 cm^ sodium citrate solution (0.03 g-sodium 
citrate, 0.078 g sodium chloride, dcstilled Avater to 10 cm^, stored in 
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Sterile ampules) (two parts citrate solutiou to one pari blood). Tl.o 
citrateci blood was immediately transferred to a dry, sterile lube 
thoroughly mixed, and the determination was made in the. course 
of an hour after obtaining the blood. Ten determinations were made 
on every sample by an experienced assistant who knew nothing of 
the patients; the average of tlie ten determinations was employed. 
The prothrombin time was determined as follows; In a centrifuge 
tube is taken 0.3 cm® of the citrated blood and with a normal droj)- 
pipette one drop (0.05 cm®) of thrombokinase suspension is added, 
and finally 0.025 cm® of 1 per cent CaCb, 2H20- The determination is 
made at 37° C in a water-bath. The tubes are moved up and down 
about once per second, and the time ensuing from the addition of 
the calcium to the commencement of coagulation is taken with a 
stop-watch. The thrombokinase used is a non-dried human brain 
preparation ad modum Dam and Glavind, the contents of a frozen 
ampule of thrombokinase, 0.5 cc., being diluted with 1 cc. 0.9 per 
cent NaCI and then heated to 45° C in a water-bath for 15 minutes. 
The determinations were made in the period from January to 
March; fresh thrombokinase suspension was prepared every day 
and two different thrombokinase preparations were used (from 
two different brains); careful comparisons showed that the two pre- 
parations had the same activity. 

When the prothrombin content of the blood is normal the pro- 
thrombin time is about 18 seconds; with decreasing prothrombin 
values the times increase, as the following table shows. These values 
have appeared as the result of numerous tests in which varying 
quantities of normal blood were added to patient blood very poor in 
prothrombin. 

In order to test the accuracy of the method ten determinations 
were made on the same blood sample, each comprising ten indi^ i- 
dual determinations (100 in all), emplo3dng ten different thrombo- 
kinase suspensions from the same initial preparation. As the deter- 
minations were made on the same blood sample, the errors found do 
not involve errors originating from the blood sampling but onl> 
those concerned in the carrying out of the test itself and errors aris 
ing out of the different activities of tlie various thrombokinase 
ampules. Within the various series of ten determinations the maxi- 
mum range was found to be from 0.8 to 1.8 seconds, averaging 1.21 
seconds. The average of the series of ten-determinations Aaried 
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Table 1. 

Relation between the prothrombin percentage and prothrombin time. 
Plum & Larsen’s modification of Quick’s method. Human brain trombokmasc 
ad modum Dam & Glavind. 


Protbrombin in percentage 
of the normal 

Prothrombin time 
in seconds 

100 

18 

50 

26 

20 

50 

10 

90 


from 18.10 to 18.87 seconds with a total average of 18.47 seconds. 
The standard deviation of the ten-determinations was found to 
he 0.276 second. It maj’^ therefore he assumed that tlic figures 
given below arc subject to maximal error of ± 3 X 0.276 = ± 
0.83 sec. 

Normal material. 50 normal individuals of ages from 20 to 55 
years, 35 females and 16 males, were tested within tlie same period 
with the same thrombokinase preparations and in the same man- 
ner. TJie average for all 50 was 1S.93 seconds, varying from 17.3 
to 20.S seconds. The average for females was 18.72 ± 0.84 seconds, 
for males 19.36 i 1.02 seconds. The difference between the average 
for the two sexes is thus 0.64 second, and it was found to be 3.24 
times greater than the probable error of the difference. This cor- 
responds with Thordarson’s investigations; be found that on an 
average tlie protliromhin content was a little higher in females than 
in males, about 3 per cent. The distribution of our normal material 
appears from the figure. 

Paiieni material. The prothrombin content was determined in 
101 patients suffering from pulmonary tuberculosis (66 males and 
35 females); tubercle bacilli were demonstrated in all cases. The 
patients were in all stages of the disease, and there were 17 with 
haemoptysis. The average prothrombin time for all patients was 
18.82 seconds, varying from 14.3 to 22.5 seconds. As the difference 
between the prothrombin times of normal males and females 

is so slight, sex has been disregarded in working up the patient 
material. 
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- iS'l)»M/V», MATKlllAL 

CATtKiN'TS WITH l^tlLMll,\AltV 

TIIHHIICDI.OSIS 


Fig. 1. • 


The patients are grouped according to the system used at the 
0resund Hospital, in Avhich the following criteria are emplo 5 'ed; 
Temperature, weight, sedimentation rate, dyspnoea, and X-ray 
findings. The groups are: 

I. »Good» chronic cases, for wlucli the requirements are: a) no 
observed temperature increase during the past two months, h) 
rveight not decreasing, c) sedimentation rate nearly' constant, d) no 
dyspnoea from slight exertion, and e) X-ray reveals typical chronic 
process with retraction or non-typical process with unchanged 
picture for at least six months. 

II. »Bad» chronic cases. X-ray results as in Group I, but with 
possible progression. The other requirements unsatisfied. 

III. »Good)> non-chronic cases. Duration less than six months. 
Points a) to d) as in Group I, but X-ray shows signs of fresh, not 
progressing process, 

IV. »Bad» non-chronic cases. Duration less than six months. 
Points a) to d) unsatisfied. X-ray reveals signs of fresh, possibly 
progressing process. 

Besults. Group I (good chronic cases); 12 tests on 11 patients. 
Average 19 seconds, range 17.2 to 20.9 seconds. 
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Group II (l 3 ad chronic cases). 50 tests on 48 patients. Average 
18.82 seconds, range 14.3 to 21.5 seconds. 

Group III (good non-chronic cases). 15 tests on 15 patients. 
Average 19.34 seconds, range 17.2 to 21.6 seconds. 

Group IV (bad non-chronic cases). 31 tests on 27 patients. 
Average 18.49 seconds, range 15.7 to 22.5 seconds. 

Paticnis wUh hacmopiysis. A total of 17 patients, wlio had had 
haeniopt 3 '^sis within the nine days previous to the tests were exa- 
mined. The prothrombin time was 18.67 seconds on an average, 
var^’^ing from 14.3 to 21.0 seconds. Of the 1 / patients 9 had liaemo- 
pt 3 ’’sis on the day of the test, and for these the average prothrombin 
time was 18.77 seconds, vaiying from 14.3 to 21.0 seconds. Further 
the prothrombin values were compared to the sedimentation rate 
and the haemoglobin percentage, as shown in Table 2. 


Table 2. 

Prothronihiiv times compared with scdimcnlalion rale. 


Sedimentation rate 
(Westergren) mm in 

1 hour 

Prothrombin time seconds 

Number of 
Patients 

.\veragc 

Range 

2—10 

m 

17.5—20.9 

22 

11—20 


17 5 *^1 G 


21—40 


15.7—21.5 

22 

over 40 


14.3—22.5 

42 


Only 7 patients had haemoglobin percentage of less than 85 
per cent (100 per cent corresponding to an oxygen binding cajiacit}' 
of 18.5 volume per cent), viz. between 73 and 83 per cent. The 
average prothrombin time for these patients was 18.30 seconds, 
varying between 16.30 and 20.8 seconds. 

Five of the patients died of their tuberculosis b’etween 5 and 40 
days after the blood sample was taken; four of them were nearlv 
moribund of the day of the test. The average prothrombin time Avas 
19.20 seconds, varying from 17.0 to 20.3 seconds. 

Two patients had severe inlrathoracal haemorrhage as a com- 
plication to an extra-pleural pneumothorax. The prothrombin 
times were 16.7 and 20.5 seconds respectively 5 daj^s after and 3 
weeks before the haemorrhage. 
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In 11 cases the prothrombin time was found to be exceptionally 

short i.e. less than 17 seconds. The only feature common to these 

patients is that they belong to the )>bad)> groups according to the 
0resund Hospital system, viz. 4 bad non-chronic and 7 bad chronic. 
Of the latter two patients had haemoptysis. In 24 cases the pro- 
thrombin time was over 20 seconds. Of these, three patients were 
good non-chronic cases, 4 bad non-chronic, 4 good chronic and 13 
bad chronic. Three of these 24 patients had haemoptysis, whereas 
17 of all 101 patients had this complication. .Accordingly, there 
does not seem to be any tendency to haemopt 3 ’^sis among patients 
with the longest prothrombin time (lowest prothrombin content), 
nor does a particularly short prothrombin time (high prothrombin 
content) prevent the occurence of haemopt 3 'sis. 

Adminisirafion of VUamin K to Normal Individuals and to Pati- 
ents with Pulmonary Tuberculosis with and without Haemoptysis. 
Four normal persons were given 100 mg 2-meth3d-1.4-naphtoli3^dro- 
kinondisuccinatc (Synkavit) peroraUy, and the prothrombin time 
was determined before and 24 hours after ingestion by means of 10 
tests in the same manner as described above. The prothrombin time 
decreased on an average 0.7 second., var 3 nng from 0.6 to 0.8 second, 
corresponding to a prothrombin increase of about 7 per cent. With 
prothrombin values in the normal range such a slight increase must 
be regarded as being of no importance to the coagulation of the 
blood. 

Ten patients with pulmonary tuberculosis received 50 mg 2- 
meth 3 d- 1.4-naphtoh3’^drokinondisulphate (Soluchinon) peroraIl5'. 
The prothrombin time was determined immediate^ before and 24 
hours after ingestion. It was found that the prothrombin time 
decreased on an average 0.61 second., 7 patients recording a fall in 
the prothrombine time var 3 dng from 0.1 to 1.7 second., 2 patients 
were unchanged, and one patient rose by 1.0 second. Two of these 
ten patients had slight haemopt 3 ’’sis at the time of the test, conti- 
nuing to the same degree on that day and the following ones, 
irrespective of the xdtamin K ingestion. 

Discussion. It xvill be seen from the foregoing that the content 
of prothrombin in the blood of the tuberculosis patients was found 
to be almost the same as in the normal material, the prothrombin 
time averaging 18.82 and 18.93 seconds respectively. It was also 
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found that the prothrombin time was a little shorter for the )>bad» 
tuberculosis patients than for those Avho were improving, and that 
those with haemoptysis had a slightly shorter prothrombin time 
than the total average. In tlie tuberculosis material there was a 
somewhat greater scattering of the values than in the control mate- 
rial, but no values were found below 70 per cent of the normal 
prothrombin content. As we knorv that the prothrombin content 
must be reduced to less than 20—30 per cent of the normal before 
there is a tendency to haemorrhage on that account, it will be seen 
that in no case did we find a prothrombin reduction that, with 
our present knowledge, was of clinical significance. 

From our material it might seem as if the patients most severely 
affected had the highest prothrombin concentration in the blood 
(the shortest prothrombin times); however, the difference observed 
may possibly have its explanation in the fact that these severe cases 
have a higher fibrinogen content in the blood than the less severe 
(higher sedimentation rate). As with the methodc employed the 
plasma is diluted rather considerably, about 1: 6, it is possible that 
in the analysis the fibrinogen concentration comes nearer to the op- 
timal when an increase of fibrinogen is found in the patient’s blood. 

The administration of very large doses of synthetic vitamin K to 
normal persons and to patients with pulmonary tuberculosis in- 
creased the prothrombin content in the blood with a few per cent. 
As the prothrombin was not found to be reduced below 70 per cent 
of the normal in any of the cases, such a slight increase must 
be assumed to be of no significance to haemoptysis and other 
haemorrhages. 

Our investigations have thus given results which in every respect 
differ from those of Sheely. We are unable to find any explanation 
of the differences. 

Conclusion. The present material has provided no indication for 
the use of vitamin K in cases of haemoptysis. 


Summary. 

1. Ihe prothombin content in the blood of 101 patients with pul- 
monary tuberculosis was found to lie within the normal range rvlien 
compared with a control material consisting of 50 healty persons. 
The tests were made by means of Plum and Larsen’s modification 
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of Quick’s method on venous blood, 10 determinations being made 
on each blood sample. The accuracy of the method is examined. 

2. The prothrombin content in the blood of 17 patients with 
haemoptysis was found to be normal. 

3. The administration of large doses of synthetic vitamin K to 4 
normal persons and 10 patients with pulmonary tuberculosis 
induced a verj’- slight, probably unimportant, increase in the 
prothrombin content in the blood. 
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Concerning negative tuberculin reactions in 
active pulmonary tuberculosis. 

Does immunity persist in the abcence of cutaneous allergy? 

By 

JOHS. SOLEM, M.D. 

(Submitted for publication August 17, 1942). 


A tuberculin-negative person may become tuberculin-positive 
in the course of four to eight weeks after the exposure to tuberculous 
infection. It is a widespread belief that the allergic state comprises 
a corresponding immune state and that a positive tuberculin 
reaction is likewise a token of a relative acquired immunity against 
tuberculous infection. However, one may not deduct from a posi- 
tive tuberculin reaction whether it is due to a clinically manifest 
tuberculosis or to an arrested process. A notable exception is infants 
where a positive tuberculin reaction is practically synonymous ivith 
the presence of active tuberculous disease. Thus, no parallelism 
exists between the tuberculin reaction and the strength and degree 
of the tuberculous disease, in spite of the fact that a stronger reac- 
tion is usually encountered in the newly infected or actively diseased 
persons than in older or more stationary tuberculous processes. But 
inasmuch as a positive tuberculin reaction is conditioned by pro- 
perties inherent in the skin which may present considerable indi- 
vidual variations, it is supposed that the thickness of thesldn,its 
innervation and fullness of blood-vessels and capillaries, etc., may 
play an important role in the resultant tuberculin reaction. 
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No i<oncnil ngrocmcnl ol)lams tliat a close association exists 
helwocn aller^iy and iinnumil.y in lul)orcn]osis. Most investigators 
and es])ecialiy in Scandinavia wlicre tlie B. C. G. vaccination is 
widely practised, have followed llie contention by Heimbock (1) 
that .'allergy' is synonymoys wilbiniiniinily.)) The wcllknorvn inves- 
tigations by I feiinbeck have shown that pupil-nurses exposed to 
tuberculous infection, contract the disease in far greater propor- 
tions if they enter the service tuberculin-negative than tuberculin- 
positive, irrespective whether the allergic state is produced by 
spontaneous tuberculous infection or artificially with B. C. G. On 
the other hand, the contrary’ experience has been reported by Ike 


American investigators Harrington and Myers (2) and the Swedish 
investigator Herlitz (3) in serial studies on children. These workers 
have shown in an extensive inateiial collected on school-children 
that tuberculinjiosilive individuals are excessively more susceptible 
than tuberculin negative individuals to contract tuberculous 
disease. 'I’lius, they consider the allergic tissue much less tiiberculo- 
resistant than the anergic tissue. In a large series of e.xperinienlal 
studies, Birkhaug (1) has succeeded in dissociating the allergic com- 
ponent from the immune component by inoculating virulent tu- 
bercle bacilli into primarily infected experimental animals after 
having aboli.shed the allergic slate by continuous treatment Milh 
tuberculin. He finds that the immunized anergic animals remain 
far more luberculo-resistant toward new virulent inoculation than 
corresponding groups of immunized allergic animals. Ibis condi- 
tion of anergy with retention or increase of tuberculo-resislance 
has been called by Birkhaug iathcrgic immnnilij. He concludes that 
tubcrculo-allergy is biologically' different from tuberculo-innnunity 
and that immunity’ in tuberculosis can be established without 
jdlergy’. Although we may’ presuppose that the modus operandi of 
lubcrculo-resislance runs parallel in man and the experimental 
animal, nevertheless, it should be pointed out that the massive 
parenteral inoculation of tubercle bacilli into the experimental 
animals employed by Birkliaug differs essentially from the aeroge- 
nic infection of man with very’ ferv tubercle bacilli. This may e.x- 
plain the fact that the acquired tubcrculo-resistance in man is 
excessively' more complete than that w'hich obtains in the experi- 
mental animal. 

It has been known for some time that a positive tuberculin 
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reaction may become weaker or even completely negative in a series 
of disease entities as well as in conditions of tuberculous etiology. 
This is especially true in most acute infections. In certain forms 
of tuberculous disease, such as miliary tuberculosis, meningitis or 
advanced pulmonary tuberculosis one finds that an erstwhile posi- 
tive tuberculin reaction suddenly becomes negative. This occurs 
also in cachectic conditions produced by a series of disease entities. 
Now and then one may encounter a negative tuberculin reaction in 
tuberculosis in the serous membranes as in joint or bone tuberculo- 
sis. When the tuberculin reaction fails to become positive in cases 
massive tuberculosis, one attributes this fact to the tissue being 
supersaturated with tuberculin, or in other words to a process of 
dcsensitization similar to that produced by injections with tubeiy 
culin. Also in chronic inactive diseases supposed by many to be of 
tuberculous etiology, such as hjmphogramilomalosis benigna (Boeck’s 
sarcoid), the tuberculin reaction is mostly negative, only to become 
positive when the disease is eradicated. In older individuals who 
in earlier life have been exposed to tuberculous infection, one finds 
that the tuberculin reaction becomes weaker or completely negative. 
This has been accepted by many as an expression of a cured condi- 
tion, biologically speaking. The same condition is also encountered 
in various endocrine disturbances. Thus, E. Coulaud (9) observed 
among women that the anergic pliases parallelled different stages 
in their genital life and that tlierapy of the thyroid gland reduced 
while that of the ovaries increased the allergic liypcrscnsitiveness. 
One finds also described cases of reduced or abolished allerg^^ during 
under-nourishment as well as during excessive treatment with 
I-ascorbic acid [Birkhaug (5)]. WHien none of the aforementioned 
causes could explain the phenomenon, it was supposed tliat a 
familial tuberculin-anergic diathesis might be invoked inasmuch as 
several cases of negative tuberculin reactions were found to occur 
rvithin the same family [M. Paretzky (6)]. 

Disregarding the above-mentioned conditions, it is now custo- 
mary to exclude tuberculous infection when a Mantoux test with 1 
mg tuberculin gives a negative reaction. Thus, the tuberculin 
reactions forms the basis for our entire diagnostic and epidemiolo- 
gical tuberculosis work. 

It docs not appear, however, that we indiscriminatingly can 
accept a negative tuberculin reaction as an indicator that tuber- 
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culous infection has not occurred. The American investioaton 
Crimm and SJiort (7) have reported calcified foci in the lunqs and 

bronchial glands in a series of tuberculin-negative persons in whom 

a tuberculous etiology was probable. Paretzky has show'n a shift 
from positive to a negative tuberculin reaction in 59 cases (5.9 per 
cent) among 1,002 persons. In Sweden, 0. Ljung (8) has reported 
a similar investigation concerning 513 tuberculin-positive school- 
children who during a follow-up investigation 1 to 8 years later 
showed a 6.8 per cent .shift from positive to a negative tuberculin 
reaction with the i\fantoux (1 mg.) test. 


A series of sporadic observations have been published in America 
and France wliicli sliow that a positive tuberculin reaction may 
turn negative in individuals with pulmonary tuberculosis in whom 
the disease was not so far advanced that this could explain the 
phenomenon, and in whom none of tlie afore-mentioned conditions 
was known to he present. In the available literature, the author 
has not seen described similar obscrv'ations in this collnlrJ^ Publica- 
tion of such a case, which the author has had the opportunity to 
observe during a long period, might ])e of interest. 


A case of active tuberculosis with a negative tuberculin reaction. 

The patient is a 23 year old man of a healthy family. No serious disease 
has occurred during his past history. The tuberculin lest was not per- 
formed previous to admission at the sanatorium. In February 1940 a smal- 
ler haemoptysis occurred while he was in excellent health. Roentgen-exa- 
mination of the lungs revealed nothing pathological. He "was later in good 
health and in complete working condition until in January 1941 he suffered 
with moderate coughs and brought up small amounts of purulent sputum- 
This continued during the spring and he experienced no malaise until a 
new haemopt 3 ’sis in Slaj* llie same year brought him to a physician. Roent- 
gen-examination at this lime showed (Fig. 1): exsudative right-sided superi- 
or lobe lesion with cavitj' lalerallj' in the right field. In the left apex an 
upper field a few peri-bronchiallj’ situated lightty saturated flecks sugges 
tive of bronchial spread. At the admission at the sanatorium on June 8, 1941, 
hi general condition Avas good although he was quite pale. Hewasafebri e 
and presented no dj'spnoea. Sedimentation reaction Avas 25 mm. Tuberc e 
bacilli AA'ere present in the direct smear. The blood presented the follow mg 
figures: Hb., 88 percent (14.1 g); R. B. G., 5 millions. Colour index, 0.8, 
W. B. G., 4,843, of Avhich Eosinophiles, 1.5 %; Basopbiles, 0 %; Stabs, 
4.5 %; Segments, 56 %; L 3 unphocA’'tes, 27.5 % and Monocytes, 10.5 % (200 
cells AA'ere counted). The roentgenogram of the lungs as described. Pirque 
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lest negative (0—0 mm) Mantoux test with 1.3 and 5 mg tuberculin nr™ 
live (0—0 mm) read 48 and 72 hours aftenvards. ’ ^ 

On July 3, 1941, right-sided pneumothorax was done and on Aueusf 
S and November 21 thoracoscopi and right-sided cautery. Several iL. 
adhesions laterally and upward were cut. Medially the lung was surface 
adherent to the mediastinum. No reaction to the cauterization. 

During the continued pneumothorax treatments, the cavity was seen to 
disappear and during 4 months he has been abacillar. His general condition 
picked rapidly up and became very good. The sedimentation reaction fell 
Irom 25 mm to 3 mm a Iter 4 months residence and has since continued low. 

During approximately half a year he has been on his feet and has taken the 
full open-air cure, without cough or expectoration. He has remained afe- 
brile during the whole time. 

Tuberculin tests have been done with 2 months interval since the 
admission and these have continuously been negative with doses up to 10 mg 
tuberculin (hlantoux). He was likewise negative when 3 mg tuberculin was 
injected subcutaneously. No occasion occurred to doubt the diagnosis ol 
tuberculosis. But on account of the constant anergic condition, the expec- 
torate was inoculated into guinea pigs which died of generalized tuberculosis. 

The roentgenogram taken April 24, 1942 (Fig. 2) shows complete atelec- 
tasis in the right upper lobe without any visible cavity. No progression is 
observed in the proces' in the left side. 


Epicrisis. 

Young man with cavernous pulmonary tuberculosis, presented 
on admission at sanatorium good general condition, increased sedi- 
mentation reaction, liglit hypochromatous anaemia, normal blood 
picture, and was afclirile. During the entire stay at the sanatorium 
he has been tuberculin-negative with large doses of tuberculin. He 
was treated with collapse of the cavernous lung, the cavity A\as 
effectivel}’- closed and disappeared and he remained abacillar after 
approximately six months sojourn at the sanatorium. His general 
health became very good after a short while, he gained in u eight 
continuously and the haematological status has on 3 occasions been 
found normal. 

None of the afore-mentioned allerg)^-reducing conditions has 
been found in this case. The tuberculous condition, which has 
shown continuous improvement since admission, has not been 

in such a decided active phase that tins can account for the cons- 
tant anergic status. Against this hypothesis speaks also the exce 
lent general condition, the afebrile course of the disease, the resu 
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of the haematological examinations and first and last the disappear- 
ance of the cavity and expectorated tubercle bacilli. 

In order to elucidate whether or not a familial tuberculin- 
anergic diathesis might explain the phenomenon, the author learned 
of Birlihaug that the patient’s sister, who earlier was tuberculin- 
negative, was vaccinated with B. C. G. (Rosenthal’s multiple punc- 
ture method) (10) and became strongly positive (Mantoux 1 mg) 
already 12 days after vaccination. 

In view of the fact that the patient’s condition became more 
favourable during the entire stay at the sanatorium, one is per- 
mitted to believe that his immunizing capability was in order. It is 
natural, therefore, to suppose that this case presents an excellent 
example of iaUiergic immimiiij, in which tuberculin hypersensitive- 
ness is eliminated while immunity is retained. If the tuberculin- 
anergic condition were due to an organism super-saturated with 
tuberculin, and on this account was unable to react with a positive 
tuberculin test, one might expect that the allergic hypersensitive- 
ness would return gradually as improvement occurred in the disea- 
sed condition. We have already stressed that this has not been the 
case. 

One might object to the repeated tuberculin tests being perform- 
ed in these examinations on the ground that the patient in reality 
was artificially desensitized and that this might explain the anergic 
status. It should be recalled that these tuberculin tests were per- 
formed with two months intervals. It is known, however, that the 
desensitized state does not persist more than 7 to 12 days after the 
last injection of tuberculin (100 mg tuberculin is necessary for 
tuberculous guinea pig weighing ca. 400 g) at which time the animal 
responds promptly with a positive tuberculin reaction (Birldiaug). 
It would thus require far greater and more persistent doses of 
tuberculin than those employed by us to retain our patient in a 
tuberculinanergic state. It should also be emphasized that the 
tuberculin reaction was negative the very first time the test was 
done, on the admission to the sanatorium of our patient. 

A method which possibly could be employed to ascertain the 
presence of tuberculo-immunity in our patient, is that suggested by 
Rolv Thorkildsen (11). This method is based on the Koch phenome- 
non and suggests the possibility that the focal reaction which one 
observes in the multiple B. C. G. punctures in the skin, may beiden- 
25 — Ao/a med. scandinav. Vol. CXI I. 
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tical with this phenomenon, and might thus serve to indicate the 
presence of acquired immunity. 

The classical Koch phenomenon shows the follovdng: when a 
noninfected guinea pig is inoculated with virulent tubercle bacilli, 
the site of inoculation presents no visible lesion before approxima- 
tely 2 weeks later wlien the overlying skin necrotizes and a persis- 
tent sore is produced. On the other hand, when a tuberculous gui- 
nea pig is inoculated in the same manner, already two days later 
an infiltration forms at the site of reinoculation, the overlying skin 
becomes intensel}'^ inflamed, necrotizes, sloughs off and the process 
heals rapidl 3 \ The Koch phenomenon has also been employed 
as a proof that a tuberculous individual is in possession of a certain 
degree of immunity towards further tuberculous infection. We were 
anxious to observe how our tuberculin anergic patient would react 
w'ith the multiple puncture B. C. G. vaccination. 

On I\Iarch 7, 1942, the above-mentioned patient wms vaccinated 
wdth B. C. G. (Rosenthal’s method). For control purposes, the 
author vaccinated at the same time and with the same vaccine a 
tuberculin-allergic individual as %vell as a normal tuberculin-aner- 
gic individual. Already' two day's later, the tuberculous tuberculin- 
anergic patient reacted v'ith fully developed ca. 2 mm wide papules, 
presenting redness and infiltration in the respective vaccination 
punctures. The papules remained unchanged during approxima- 
tely' two Aveeks Avhen they' began to desquamate and gradually dis- 
appear. The tuberculin test (iNIantoux 1 mg) Avas and remained 
persistently negative. 

The tuberculin-allergic individual reacted more intensely in the 

same manner. Already' tAA'O days after vaccination, approximately 

3 mm AA'ide, intensely red papules AA'ere observed AA'hich rapidly 
became confluent and produced an inflamed infiltrated area measur- 
ing ca. 30 X 50 mm. The papules pustulated in the centre, formed 
a dry' crust AA'hich desquamated, leaving a lightly ochre-pigmented 
area AA'ithout any ulceration. 

The normal tuberculin-anergic individual reacted in an entirely 
different manner. No local changes occurred in the vaccination 
punctures before tAvelve days later. At this time A\'e obserA'ed defi 
nite papules in 36 punctures. However, the papules AA'ere smaller 
and someAA'hat paler than those seen in the tAA'o other BCG-vacci 
nated persons. In the course of one month, the papules began to 
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desquamate and soon thereafter disappeared completely. The 
Pirquet tuberculin test became positive already 3 weeks after vacci- 
nation (6x5 mm). 

Thus, we have observed the peculiar phenomenon that both in- 
fected individuals, i. e. the tuberculin-anergic tuberculous patient 
and the tuberculin-allergic person, reacted simultaneously in appro- 
ximately the same manner, and that the focal papular-pustular 
changes occurred in the vaccination area already two days after 
vaccination, while in the non-i.nfected tuberculin-anergic individual 
the focal papular reaction occurred first twelve days after vaccina- 
tion. Now let us suppose that the accelerated focal papular reac- 
tion in the BCG-vaccination punctures really is identical with 
the Koch phenomenon, as Thorkildsen claims. Accordingly we 
might he permitted to suppose that the accelerated BCG-vaccina- 
tion reaction described by us does represent an expression of 
acquired tuberculo-immunity which is possessed by infected per- 
sons, whether tuberculin allergic or anergic, and not by non-infected 
tuberculin anergic persons. 

Thus, two things emerge from our observations, namely, that 
tuberculin allergj'^ may disappear completely during active pulmo- 
nary tuberculosis which is improving, and that the interdepen- 
dence of immunity on allergy is not as solid as many authors would 
have us believe. Our case of tuberculo-rcsistant tuberculin aner- 
gic recuperating phthisis represents, so-to-speak, the clinical picture 
of iaihergic immiinilij which Birkhaug has demonstrated exten- 
sively in the desensitized tuberculous animal. But in a discussion 
of the interrelation of tuberculo-immunity and tuberculin-allerg}^ too 
many unknown factors are involved which prohibit us from drawing 
any definite conclusion from one single observation. 


Summary. 

A repeatedly tuberculin negative tuberculous person reacted 
toward the cutaneous BCG-vaccination with accelerated focal papu- 
lar lesions already two days after vaccination in a manner less vio- 
lent than a tuberculin positive individual while a non-infected tuber- 
culin negative person reacted with focal papular lesions first two 
weeks after the cutaneous BCG-vaccination. These findings 
suggest that tuberculo-immunity may exist in the complete absence 
of tuberculin allergy. 
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chemical properties of urines. 
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For many decades it has been held that kidney stones were 
largely due'to the colloidal properties of the urine. After these 
questions had been investigated around the turn of the century 
and in subsequent years, interest in the colloids of the urine began 
to lag as it was found that a number of other factors were involved, 
for example geographical conditions, heredity, race, diet, stasis, 
infection, metabolism disturbances, skeletal affections etc. But 
it was especially IMeyers work on the degree of saturation of the 
various crystalloids in the urine which caused the colloids to fall into 
the background. Some authors have even claimed that tlie colloids 
of the urine are of no significance in the genesis of lilhiasis. 

There can be no doubt that urine is often a supersaturated 
solution, even though the saturation degree of tlie individual sails 
is not determined in relation to water but in relation to the total 
salt concentration. Tims Swift gives the following figures for oxalic 
acid and calcium oxalate: 

0.565 calcium oxalate corresponds to 0.351 mg oxalic acid and 
tliis is soluble in 100 cm^ water. In other words 5.3 mg oxalic acid 
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in 1500 cm3, secretion is 15—20 mg. Normal urine 

tlieref ore -contains 3—4 times the maximum concentration and in 
pathological conditions with oxalic acid poisoning Umber has 
found that 68 times tlie maximum concentration was dissolved 
Tlic same holds true for uric acid. 

Even though the various salts in the urine mutually hold each 
other in solution, the colloids must apparently have some signi- 
ficance. For example a urine may contain large quantities of oxa- 
late and all of it is dissolved, while on the other hand a urine may 
contain little oxalate, all of which is precipitated, probably because 
of the colloids. This can also be demonstrated by dialysis. If a urine 
is dialysed with a large amount of water and the water is then 
carefully evaporated off, the crystalloids will he preeipitated long 
before the original urine volume is obtained. This precipitate con- 
sists of calcium oxalate, calcium phosphate and uric acid. But 
it is not possible to produce urine artificially simply by mi.xingthe 
various salts together. A mixture of this type will always precipi- 
tate. 

Our knowledge of the urine colloids is veryOimited. The quantity 
depends on the diet. It is increased by a diet rich in proteins. 
There is also an increase during pneumonia and of the non-albu- 
minous colloids in acute and chronic kidney conditions. The 
colloids found by’^ dialysis are: mucin, nucleic acids', condroitin 
sulphuric acids, glycogen and a complex N-containing carbohydrate. 
All the colloids are very' stabile and tolerate boiling. It is not 
known whether the urine colloids originate from the kidney cells 
or the serum. 

There are several different way's in which the urine colloids may 
be studied. We found it most convenient to use Zsigmondy s gold 
count reaction, which provides a measure for the so-called protec- 
tive colloids. The method is based on testing the protective capa- 
city of urine against a red gold colloid which is precipitated with 
10 % NaCl. Zsigmondy’s original method for producing the red 
gold colloid is very' complicated and requires a special laboratory 
free from disturbing dust and chemicals. He precipitated a gold 
chloride solution with formaldehyde. Simpler methods have since 
been evolved, much less sensitive, where precipitation is obtained 
with glycose or other substances. We have used a method described 
by Borovskaya (Z. Immunitats. 82, 178 — 182, 1934). She precipi- 
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tates with sodium citrate. In this manner it is easy to obtain a gold 
colloid with a cherry-red color and with properties Nvhich character- 
ize the red gold colloids. 

Some earlier investigations have been made with the gold count 
reaction, especially by Lichtwitz in 1909 and 1910, in which it was 
demonstrated that normal urine contains colloids wliich have a 
protective influence on the red gold colloids, that the urine colloids 
became more finc-particled and had a stronger protective capacity 
when heated, and that in some cases a direct proportionality could 
be demonstrated between the solubility of the uric acid and the 
quantity of the urines protective colloid. Since then investigations 
have been carried out by Ottenstcin who showed that the protec- 
tive colloids increased on a diet rich in meats, and by Ferguson who 
found higher values for the protective colloids in patients with kidney 
stones than in normal persons. Experiments on rats have been 
carried out by Hammarsten, who found no difference in the values 
in rats with or without stones. 

However in the above mentioned investigations the crystalloid 
contents and other physico-chemical properties of the urines 
examined have not been taken into consideration, and in the com- 
parative studies which have been made there has been no control of 
the diet of the experimental persons. 

The object of this investigation has been to examine whether 
it was possible to demonstrate a difference in the amount of pro- 
tective colloids in urines of patients with stones in the urinary tract 
compared with urines from healthy persons and patients with other 
affections. And finally whether an eventual demonstrable diffe- 
rence had any relation to other physico-chemical properties of the 
urine. 

Urine samples were taken from patients and healthy persons, 
all of whom had held an approximately uniform diet as all had been 
living on the ordinary hospital fare for at least 24 hours before the 
samples were taken. Even though we have not used a standard diet, 
at least the variations have not been large. 

Among the urolithiasis patients we have only examined those 
who Iiad )>primaiy)>, uncomplicated stones in the urinary tract. In 
all cases tlie investigations have been made only where the ordi- 
nary methods of examination (including mic roscopy) have revealed 
no pathological findings. 



448 


. HENRIK LINDEMAN and OTTO SELVAAG 

liave examined partly fresh morning urines, partly several 
samples taken during the day in order to detect any eventual day 
variations. ^ 

In addition to measurement of the colloid contents and the 
ordinary examinations for albumin, sugar, cylinders, red and white 
blood corpuscles, we have determined diuresis, specific weight 
(Hammerschlag’s method), pH and refractometric measurements 
(to get an idea of the quantity of crystalloids). 

For the pH determinations we have partly used Sorensen’s 
method. Most of the determinations however are made with indi- 
cator paper (Lyphan). The refractometry Avas done yvith an Ein- 
tauch rcfractometer at 18 — 20°. 

As a measure for the colloid content we have determined the 
smallest quantity of urine Avhich, after having been mixed with 10 cm® 
gold colloid for 3 minutes, was able to prevent coagulation for 5 
minutes after the addition of 1 cm^ 10 % NaCl solution, and we have 
only used gold colloid which exhibits no change of color on the addi- 
tion of 0.1 cm® NaCl solution, but Avhere 0.2 cm® gave a violet and 
0.3 cm® a blue color. 

As we shall see later, the colloid measurements are to a great 
extent carried out in dialj'sed urines. The dialysis has been 
performed in closed cellophane filters for 48 hours (24 hours proved 
several times to be insufficient). That dialysis was always complete 
was controlled by specific weight, pH, demonstration of absence of 
chloride and in several cases also refractometrically. 

The very'^ first preliminary investigations of the colloid con- 
tent in fresh morning urines showed highly variable results with 
the colloidal gold reaction. It then seemed that the ruethod was 
not applicable unless the sources of error w'hich lay in the varying 
crystalloid quantity (i. e. chiefly NaCl) in the urines could be elim- 
inated. On the other hand it Avas to be expected that a removal of 
the crystalloids and a leveling of the pH AA'hich AA'ould be the result 
of dialysis, would have an influence on the size and number of the 
colloid particles and thus on the result of the colloidal gold reac 
tion. There AA'ould also be the additional source of error caused 
by the purely physical dilution as a result of dialysis. 

In order to determine vvhat influence changes in the pH 
would have on the result of the colloidal gold reactions, several 
portions of the same urine Avere mixed Avith acetic acid or potassium 
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hydroxide so that reasonable variations in the pH were obtained 
(varying from 3.9 to 6.5) in the different samples. It was then found 
that regardless of any changes in the pH, and regardless of whether 
the change was made before or after dialysis, the colloidal gold 
reaction gave the same values with the exception of insignificant 
differences in the coloring. 

The volume of the dialysate varied after the completion of dia- 
lysis, depending on the original concentration of the urine. The 
volume was usually increased by about 10 — 25 % with limits at 
5 % and 40 %. In order to determine the influence of this dilu- 
tion, we have in some cases performed the colloidal gold reaction 
both directly in the dialysate and after the latter was still furtlier 
diluted to a total dilution of 50 %. There were no large differences 
between the two samples from the same dialysate, only an insignifi- 
cant transition for example from red-violet to violet-red or red to 
red-violet, rarely so much as from red all the way to violet. 

Thus we have not been able to demonstrate any significant 
difference in the result of the reaction after changes in the pH and 
after a reasonable dilution. In addition as the object of this in- 
vestigation was a comparison of the colloid content of various ur- 
ines rather than an exact measurement of these contents, we have dis- 
regarded these sources of error. In the samples discussed below wc 
have therefore measured specific Aveight, pH and the refractometric 
value before dialysis, and carried out the colloidal gold reactions 
after dialysis without making correction for the dilution which has 
taken place. 


Material. 

The preliminary experiments which w'erc made to test the 
technique and wdiich were made with urines taken at any time 
during the day, showed that there were considerable variations in 
the results of the colloidal gold reaction. 

Experiments were therefore made with fresh morning urines, 
53 times in all, of which 25 were from patients with urolithiasis 
and 28 partly from healthy persons, partly from patients suffering 
from other affections (of which 1 with adenoma prostatae and 1 
with hypernephroma renis). The results of these tests arc presented 
in Table I, where we have divided them into groups according to the 
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Table I. 


The necessary amount of urine in cm’. 



Group I 

Group II 

Group in 


^ 0.5 

0.6— 1.0 

>1.0 

Diagnosis: 




Urolithiasis 

16 

5 

4 

Other affections (not »stonc-formers*) 

22 

3 

3 


amount of urine wliicli was necessary to prevent precipitation of 
the gold colloid. 

As it appears, there is no pronounced difference in the values 
from stone patients and non-stone-formers. In Group III, i. e. 
those with the relatively lowest colloid content in the urine, there 
are 4 patients with primarj’^ stones and 3 others. One of these was a 
health}' person, the other was hospitalized under the diagnosis Ob- 
stipatio. Epilepsia, while the third suffered from ulcus perf. duod, 
c, absc. subfren. et empyemae pleurae. The 3 non-stone-formers in 
Group II had the diagnoses Cystis dermoid, sacral.. Adenoma pros- 
tatae and Paralysis generalis. 

As these investigations did not seem to afford any basis for 
variations in the urines content of colloids in stone-formers as com- 
pared to non-stone-formers, an investigation was made of day 
variations in 33 individuals, of which 21 had urolithiasis. In this 
experiment from 5 to 9 samples were taken from each patient, distri- 
buted as far as possible throughout the day. The result of this in- 
vestigation appears in Table II, where there is also a dmsion into 
groups according to the size of the variation in the quantity of urine 
which was necessary to prevent precipitation of the gold colloid. 


Table II. 

Das' variations expressed in cm’ urine. 



Group I 
^0.5 

Group 11 
0.6— 1.0 

Group in 
>1.0 

Diagnosis: 



9 

Urolithiasis 

9 

3 

Other affections (not stone-formers) 

10 

1 

1 
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The one patient recorded in Group III under non-stone-formers, 
was hospitalized for pleurisy and had a couple of attacks of pains 
which were very suspicious of urolithiasis, but roentgenologically 
(with and without contrast) no definite evidence was obtained for 
such a diagnosis. 

With the exception of the possibility that this patient may have 
had a stone, we find here, in contrast to the investigation of morning 
urines, a striking number of urolithiasis patients in Group III, i. e. 
in the group which in the course of the day showed the greatest 
variations in the urines’ content of colloids. In other words: The 
urines from sione paiicnis examined by us showed much greater varia- 
tion in colloid concentration daring the course of the day than urines 
from non-sione-formers. 

If we regard the gold colloidal values obtained as a rough mea- 
sure of the urines’’ protective capacity, and compare these values 
witl/tlie values found for other physical properties of the urine, 
especially its crystalloid content, recorded by the refractometric 
value ])efore dialysis, we will find a pronounced parallelism in most 
oases. This is seen in Curves 1 and 2 on Figure 1 . Tims when the 
colloidal gold value is high,the refractometric value is also relatively 
high. It is especially interesting that the curves for .specific weight, 
refractometric value and gold colloid value follow each other 
approximately also in urolithiasis patients who showed the extreme 
variations in colloid content in the course of a day (Curve 2). 

The large day variations for 3 of the 9 stone patients is most 
likely due to abundant drinking with higli diuresis, as this has been 
from about 3000 — 3200 cm^ in these 3 patients, The diuresis of 
the others in this group lies with one exception (690 cm^) much 
higher than in the other groups, with an average of 1575 cm^ (varia- 
tions from 690 to 2175 cm^) while in Group II the average is 1175 
variations from 62o — 1480 cm^) and in Group I the average is 
860 cm^ (variations from 630 to 1400 cm®). 

It might therefore appear that the variable colloid content 
was simply an expression of the dilution of the urine and this is 
probable in many cases. But on the otlicr liand there are, as shomi 
in Figure 1 (Curve 3), urines which show the same high colloid con- 
tent throughout the day, while at the same time the specific weight 
varied from 1006 to 1012 and the refractometric value from 15.0 
to 23.0. Curve 4 shows the reverse, namely how in some cases the 
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specific \voif>h{ is (he same while the colloidal gold value shows 
great varial ions, which arc sometimes completely independent of the 
variations in the rcfractometric values. This shows that although 
the majority of the malcrial exhibits a parallelism between the 
various values, llicrc arc several eases where (here arc considernbk 
(lay varialions wUhoul eorrespondiny variations in the oUicr values. 
We have not been able to find anj’^ satisfactory' explanation for this 
phenomenon. It is impossible for the present to ascribe it any signi- 
ficance with relation to urolithiasis formation. 

Our investigations have thus shown that under approximately 
the same conditions there may be considerably large variations m 
the relative colloid content of the urine. In our jircsent material 
the greatest variations are found in patients who have or have had 
urolithiasis. 

We have hitherto been unable to carry' out our investigations 
under ideal conditions, as we have not been able to keep our patients 
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on a standard diet with uniform quantities of liquid. We have there 
fore under the present conditions not had the opportunity of 
examining the significance of for example a diet rich in meat over a 
long period as compared with a largely vegetable diet. Nor have 
we had the opportunity of following the patients over a long period. 
We have at most been able to control them for a few days. As 
appears from Curves 4, 5 and 6 there have been considerable varia- 
tions from day to day. It would also have been advantageous if 
we had the opportunity to carry out systematic bacteriological 
examinations of all the urines, with regard to an eventual minimal 
bacteriurea. We do not know what influence various medicaments 
may have on the disperse phases, but some of our patients were 
given a little papaverin and, or small quantities of morphine during 
the experimental period. 

It is possible that investigations carried out under more ideal 
conditions miglit reveal constant or periodical disrelations between 
the quantity of colloids and the quantity of crystalloids, and these 
latter might be of significance for the genesis of urolithiasis. 

In conclusion we would like to extend our thanks to Magister 
J. Bee, Professor Jobs. Lindeman and Dr. Ketil Motzfeldt for advice 
and help during the course of our work. 


Summary. 

In preliminary investigations tlie authors find that during the 
day, urines from stone-formers probably show greater variations 
in the relative colloidal protective values (colloidal gold method) 
than those from non-stone-formers. The authors also show that these 
variations are not always parallel to coincident variations in the 
values of crystalloids (refractometric method). 
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The scope of Hie present work Avas to find out wliat affections 
and regions most frequently are the primary foci of infection of 
erysipelas, and to illustrate the differential-diagnostic difficulties 
met with in this affection. 

The material comprises two groups of jiatients: 

1) 715 patients who during the years 1036 — <10 stayed in Bleg- 
dams Hospital under the diagnosis erysipelas. 

2) 132 patients who during the years 1936 — ^10 were admitted 
to Blegdams Hospital under the diagnosis erysipelas but who 
actually suffered from other diseases. 

The distribution of the 715 ciysipolas patients according to 
the respective months of admission appears from the histiogram 

(Fig- 1). 

From Fig. 1 it is evident that the majority of cr^'sipclas cases 
occurs in the winter months, an absolute minimum being found 
in the summer months. This agrees with Birkhaug’s (d) and 
Hegler’s (8) reports. Keefer and Spink (12) examined the seasonal 
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Fig. 1. The distribution of 715 erysipelas patients after the months of ad- 
mission. 

variations for different hemolytic streptococcus infections, among 
■\vliich were 1400 cases of erysipelas. They found an accumulation 
of cases during the winter and early spring months. 

The distribution of age among the 715 erysipelas patients is 
shown in Table 1. 


Table 1. 


Age (years) 

Patients 

per cent 

Age (years) 

Patients 

per cent 

50—10 

56 

7.8 

50—60 

166 

23.2 

10—20 

26 

3.6 

60—70 

117 

16.4 . 

20—30 

75 

10.5 

70—80 

56 

7.8 

30—40 

102 

14.3 

above SO 

7 

1.0 

40—50 

110 

15.4 





From Table 1 it is evident that the majority of cases of erysi- 
pelas occurred in the age-class 50 — 60 years. This is not quite in 
accord with Birkhaug’s (4) and Hoyne’s (10) reports. These authors 
find the greatest number of erysipelas cases at the age of about 
40; Hoyne’s material comprises 1193 cases. Schultz (17) finds 
the greatest number of erysipelas cases at the age of 46 — 50 years, 
whereas Keefer and Spink (12) on the ground of 1400 cases find 
a maximum between 40 and 60 years of age. 

Only 7.8 per cent of the erysipelas cases were found in children 
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below 10 years of age, the first 3 years of life being those in which 
children arc specially prone to be attacked. The distribution 
appears from Table 2. 


Table 2. 


Age (years) 

Pnlicnl.s 

Age (years) 

Palicnl-s 

0—1 

8 

5—0 

3 

1—2 

12 

G — 7 

4 

2—3 

13 

7-8 

3 

3— t 

7 

8-0 

1 

■1—.') 

5 

0—10 

0 


Among the 715 patients of the material were 491 women (69.1 
per cent) and 221 men (30.9 per cent). This conflicts with tlie 
majority of reports concerning the sex distribution in erysipelas. 
Thus Birkhaug (4) reports GO per cent of men and 10 per cent of 
women, and Lehmann (13) on the ground of 23 10 cases of eiysipelas 
finds 56 per cent of men and 44 per cent of women. These autliors 
try to explain tiic preponderance of men by their being more 
exposed to various traumata and to bad weather during the winter 
months. However, Aascr (1) in a hospital material of patients 
finds 73.5 per cent of women aHUi facial erysipelas against 26.5 
per cent of men. 

In the present material was found a verj'' considerable female 
preponderance. This is in part due to the fact that the material 
comprises a relatively great number of cases of erysipelas on tlie 
lower extremities (37.5 per cent), Avliereas most otlicr materials 
only comprise about 10 per cent, and the great majority of such 
cases occur in women (ulcus cruris). As is seen in Table 3, how- 
ever, this docs not explain the great female preponderance, which 
is likewise found in other localizations of erysipelas. 

Migrant erysipelas was found in 5 cases, all of which occurred 
in 1936, prior to the introduction of chemotherapy. 

Also Avith regard to the localization of the affection docs the 
present material differ from the usual reports. Hcglcr (8) reports 
that erysipelas occurring on face and scalp amounts to 90 per cent 
of all the cases. Birkhaug (4) finds more than 90 per cent and 
Hoyne (10), 86 per cent of cases of crj'sipelas localized to the head. 

30 — Acta mccl. scandinav. Vol. CXI I. 
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Table 3. 


The distributioii of tlie erysipelas eases according to localization and sex, 


Part of body 

Number of 
cases 

per cent 

Men' 

Women 

^N^otnen 

0 / 

/o 

Head 

411 

56.8 

150 

261 

63.5 

Trunk 

14 

1.9 

5 

9 


Upper extrem 

28 

3.8 

13 

15 


Lower extrem. 

273 

37.5 

55 

218 

79.9 


Total 7261 

100.0 

2231 

5031 



^ In 11 of the patients the erysipelas was found to be localized synchron- 
ously to two of the mentioned parts of body, i.e. trunk + upper extremity 
in ‘1 cases, trunk + lower extremity in 1 case, head and trunk in 1 case, upper 
and lower extremity in 3 cases, and both lower extremities in 2 cases. 

Tlie present material thus differs fairly decisively from previous 
great erysipelas materials without it being possible to explain why. 

The material can by no means be said to liave been selected in 
any direction, Blegdams Hospital being that hospital to which are 
admitted virtually all the hospitalized erysipelas patients from 
the Copenhagen municipality. A comparison between this material 
and the numbers of erysipelas cases reported to the Copenhagen 
tow'n-physician shows that far more than half of all the erysipelas 
patients in Copenhagen are admitted to Blegdams Hospital (quite 
apart from the eventual fallacious diagnoses among the reported 
but non-admitted cases). 

Primary foci of infection of erysipelas. 

It has been ascertained long ago that erysipelas is a strepto- 
coccal infection but the different authors still disagree considerably 
with regard to the portal of entrance of the bacteria or the primary 
foci of infection of the affection. 

Formerly an idiopathic and a traumatic form of erysipelas 
were distinguished between, the latter comprising those cases, 
where the trauma through which the bacteria had entered could 
be detected. 

It is natural to assume, how'ever, that when there is a question 
of erysipelas on an extremity or the trunk, all cases are »traumatic», 
even though the lesion in some cases is so small that it is over- 
looked. The majority of authors therefore share this assumption. 
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reporting as primary foci of infection accidental small wounds, 
operation wounds, scratcIiing-Avounds sustained in various skin 
affections, impetiginous wounds, burns, ulcera cruris, fissures due 
to dermatomycosis, etc. As further primary foci of infection of 
erysipelas occurring on the trunk and extremities of children are 
mentioned the umbilical region, circumcision, places of vaccination 
[Bauer (3)] 

In man}'' cases of facial erysipelas special conditions certainly 
assert themselves. 

Hegler (8) mentions small wounds, scratches, insect-bites etc. 
as being the most frequent portals of entrance in cases of facial 
erysipelas, although he emphasizes too, that ear and nose affec- 
tions not infrequently are primary foci of infection. Birkhaug (4) 
stresses the undoubtedly great importance of »nose-picldng» and 
»car-cleaning» for the occurrence of facial erysipelas, thinking, 
however, that erysipelas very seldom occurs on the mucous mem- 
branes. Hoyne (10) in 60 per cent of the cases of facial erysipelas 
was able to detect a lesion of the skin or of the mucosa. Roger (16) 
among 2411 cases of er}^sipelas found only 20 in which tlic pharynx 
was involved. Segall (18) has reported some cases in which an 
erysipelas of the nasopharyngeal mucosa had spread via the middle 
ear to the skin. Keefer and Spink (12) mention the possible 
importance of antecedent catarrhalia for the er}'sipelas, and that 
was emphasized notably by Anderson (2) who stresses particularly 
that the erysipelatous infection often is preceded by infection of 
the upper air-passages; Tonsillitis, pharyngitis and rhinitis may 
exist during a period of up to 10 days before the erysipelatous 
eruption appears. Holmes (9) draws attention to the great 
frequency of latent streptococcal infections in the nose and its 
accessory sinuses, and places this in relation to the frequent occur- 
rence of facial erysipelas which, in his opinion, mostly originates 
from the nose. Schultz (17) opines that facial erysipelas cannot 
be considered a wound affection, because a wound is but rarely 
detectable, whereas a »catarrhal causation)) often is found. Fre- 
quently there is a connection with the occurrence ol angina which 
the author considers as a synchronously arisen coordinate symptom 
of the affection. Besides by Holmes (9) the nasal mucosa is reported 
to be the most frequent primary focus of erysipelas infection by 
Bauer (3), Rasch (15), Ustvedt (22), and others. 



K. wiKCE rtr-Nsnonc. 

^ From this review of tho menilure il is cvidenl llial tlurv 
fairly nuicli disagreeinenl will, regard lo the priri.nrv foci of inf,,- 
Uon of facial erysipelas. Several aulliors tliink Dial the tniunc, 
ni the widest sense of the word, plays liie greatesl part, whilst 
others arc of opinion that mucosal affcciions andcalarrliaidivcas-i 
arc the chief causes of the occurrence of facial erysipelas. 


The author’s own investigations. 

As was mentioned before, the sco])c of tiic jirescnl work was 
to obtain a notion of tlic different primary foci of infeefion nf 
erysipelas on the face as well as on llie trunk and extremities, tlic 
material comprising 726 crj'sipelatous affections in 71.', palionts. 

As sure primary foci of infection arc indicated wounds, fissures, 
eczemas etc., when tlic patient jiosilively rejiorts tlial llie redness 
has appeared during such affections the existence of whirli more- 
over has been detected. 

As probable primary foci of infection arc indicated .siniihr affec- 
tions, when the patient is not sure of the affection Iiaving oriHiimted 
there, or when it has been impossiiilc, after his admission, to 
detect the existence of tlic affection mentioned by him. 

In all other cases the primary focus of infections is lermed 
uncertain. 

Table 4 illustrates the incidence of sure, jirohahle and iinri rl.ain 
primary foci of infection of differently localizerl erysipelas. 


Tabic 4. 

Dislribiilion of .sure, jirobalilc am! unccrlain prlmarj- fur! of inlrrlinri In ilUfff- 
cut localizations of erysiiiclas. 
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From Table 4 it is evident that a primary focus of infection 
(sure or probable) of erysipelas is found much oftener in case of 
erysipelas on the lower extremities than in case of facial erysipelas. 
Thus a sure or probable primary focus of infection was detected 
in 57.7 per cent (37.5 + 20.2) of the cases of facial erysipelas, 
whereas the corresponding number of cases of erysipelas on the 
lower extremities was 71.1 per cent (59.0 4- 12.1). The number 
of cases of erysipelas localized to the upper extremities and 
trunk is too small to permit of comparing it with the other 
two groups, but apparently the ratio is the same with regard 
to the incidence of erysipelas with known primary focus of 
infection as that of erysipelas on the lower extremities, as might 
be anticipated. 

7'Iiese conditions are highhj in favour of other than »lranma(icf> 
causes playing an essential part as primary foci for the infection 
with facial erysipelas. 

Table 5 is a more detailed survey of the different sure and 
probable primary foci of erysipelas on face and seal]). 

It is seen that a sure or probable primary focus of infection in 
relation to the nose and cars was detcclcd in Ihe great majority 
of the cases, whereas other facial regions aiid the scalp presented 
such foci far more rarely. 

Moreover it is seen that the erysipelas affection in no small 
number of cases occurred in sequel to various mucosa affections 
(otitis media, rhinitis, rhinopharyngitis, sinusitis, conjunctivitis, 
dacrocystitis), namely, 20 + 13 ca.scs altogether. These cases 
certainly cannot be considered to be of »trauinatic» origin, and on 
drawing a parallel between the cases of )>traumatic» and »non- 
traumatio) orogin, they must be deduced from the sure and 
probable cases reported for facial erysipelas. Thus there 
remain 134 cases of facial erysij)clas of reliably »lraumatici) and 
70 cases of probably »traumatic» origin, i.e. altogether 49.6 per 
cent of all the cases of facial erysipelas (32.0 per cent -f 17.0 
per cent). 

On comparing this with the number of sure (161) and ])robablc 
(33) primary foci of infection in cases of erysipelas on the lower 
extremities which may all be considered to ])c »traumatic)) (cf. 
Table 8), and wdiich amount to 71.1 per cent of all the cases of 
erysipelas on the lower exiremitics, it is seen that .)traumata» play 
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Table 5. 

Sure and probable primary foci of facial erysipelas. 


Primary focus of iufeclion 


The nose 


The ears 


Otitis ext. — Eczema auris. — Eczema retroauricularis. 

— Fissura auris ext 

Otitis media + otitis externa 

Otitis med. supp. (acute and chronic) 

Contusion wound and small excoriations on the ear 
After incision in the ear (for hemoglobin determination) 


Total of aural primary foci of infection 


Number of cases 
su^ probable 


Wound in the noscft (eczema vest. nasi). — Rhinitis! 

sicca ani. — Atrophic rliinitis 

Wound outside on the nose 

Wound on the root of the nose (spectacle wound) 

Nasal furuncle 

Clironic rhinopharyngitis and purulent rliinitis 

CJironic maxillary sinusitis 

After galvanocaulcrization for cpistaxis 

Gummatous ulcer of the nose 

Pat. asserted positively that it had originated from the 
nose, a sure primary focus not being detectable how- 
ever 


Total of nasal primary foci of infection 


Other facial regions 

Facial impetigo 

Facial pityriasis 

Facial eczema 

Facial contusion wound. Facial incision wound. 

Excoriation 

Facial furuncle 

Nuclial furuncle 

Insect-bite in the face 

Strophulus 

Parulis 

Facial zoster 

Naevus papillomatosus 

Operation for atheroma 

Fissure at the corner of the mouth 

Dacrocystitis 

Purulent conjunctivitis 


Total of other facial primary foci of inf 
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Primary focus of infection 

Number of cases 

sure 

probable 

The scalp 



Pityriasis capitis 

4 

1 

Small ivounds on tlie scalji (scratcliing) 


3 

Pediculosis capitis 


3 

Psoriasis capitis 


1 

Contusion yomid 

1 

0 

Impetigo capitis 

1 

0 

Total of primary foci on the scalp 

9 

S 


a much more important part for their occurrence than for tlie 
occurrence of facial erysipelas. 

It is therefore natural to assume that, even tliough the primary 
focus of infection of hut 33 cases of facial crj'sipclas (8.0 per cent) 
was found to he a mucosa affection in the upper air-pas.sagc.s, Die 
ears or tlic eyes, this mode of origin certainly is far more frequent. 
This is also suggested by the detection, in 77 of all tlie (715) erysi- 
pelas patients (10.8 per cent), of tliroat affections varying between 
slight redness and true angina with considerable redness and 
spelling, and in .isolated cases even with furrings. Among those 
77 patients were 58 witli facial erysipelas, the erysipelas of the 
icmaining 19 being localized to other places, and pronounced 
throat symptoms were only observed in Die former. 

Among the anamnestic data of 86 patients were moreover 
noted catarrhalia or »influenza» before or at the inception of the 
erysipelatous affection. 


In some cases the synchronous occurrence of throat affection 
and erysipelas may he a mere fortuity, particularly in those cases 
where the latter was localized to other places than the face. In 
this connection it should, however, be mentioned that a patient 
with a throat affection due to hemolytic streptococci may happen, 
by first putting his fingers into his mouth or sucking tlicm and 
afterwards scratcliing himself in some skin region or other, to 
perform an aulo-inoculation of streptococci, which eventuallv may 
entail an erysipelatous affection. ^ 

From Table S it is cvidenl that the most frequent prinMiy 
focus of erysipelas on the trunk is mamma, p.articul.nrb- ennoer 
mammae (ulccr.alcd or operation cicatri.x), 
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Table 6. 


Sure and probable primary foci of infection of erysipelas trunci. 


Primary focus of infection. 

Number of cases ] 

sure 

probable 

Cancer mammae 

2 

0 

Operatic canc. mammae seq 

2 

1 

Intertrigo mammae 

1 

1 

Hidrosadenitis axil 

2 

0 

Circumcision 

1 

0 



Altogether 

8 

2 




Table 7. 


Sure and probable primary foci of infection of erysipelas bn upper extremities. 


Primary focus of infection 

Number of cases 

sure 

probable 

Contusion Nvound. Incision wound. Excoration on the 

hand 

3 

1 


5 

0 

Riirn nn t.hft 

2 

0 

Pni^fiilpQ on hfip.k of flip. hflTid 

1 

0 

Dlcrifjil fticstirp 

0 

1 


2 

0 

Erysipelas on upper extremity with kno'nm primarj' 
focus of infection on the trunk 

3 


Altogether 

16 



Table 7 shows that accidental wounds and excoriations most 
frequently are the primary foci of erysipelas on the upper 
extremities. 

From Table 8 it is evident that by far the most frequent primar}' 
affection in case of erysipelas on the lower extremities is crural 
ulcer or eczema; next follow accidental wounds and excoriations 
and, finally, various itching sldn affections such as impetigo, 
strophulus and the like. 

On examining Table 6, 7 and 8 it is evident that the primary 
foci of infection detected in virtually all the cases of erysipelas 
on the trunk and upper and lower extremities are ))traumatic», 
that is to say, either really traumatic (accidental wounds of various 
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Table 8. 

Sure and probable primary foci of infection of erysipelas on lower extremities . 


Primary focus of infection 

Number of cases 

sure 

probable 

Panaritium on the toe 

3 

1 

Wound infection on toe 

5 

1 

Hyperkeratosis of toe 

0 

1 

Epidermophytia * 

4 

2 

Interdigital fissure 

3 

0 

Contusion wound and excoriation on foot 

4 

4 

Fissure in calcaneal hyperkeratosis 

1 

1 

Fissure in calcaneal psoriasis 

1 

0 

pont «... 

1 

0 


1 

•0 

P.nirnl 

59 

0 

Crural eczema 

26 

4 

Injectio in varices seq 

1 


Crural wound infection 

4 

0 

Wound infection on the foot 

10 

4 

Crural contusion wound and excoriations 

10 

11 

Crural burn 

2 

0 

Contusion wound on the knee 

2 

0 

Puncture wound on the knee 

1 


Scar on lower extremity 

1 

1 

Insect-bite on lower extremity 

5 

0 

Strophulus on lower extremity 

2 

0 

Impetigo on lower extremity 

12 

0 

Dermatitis herpetiformis 

0 

1 

Bursitis pra'patellaris 

1 

0 

Psoriasis on lower extremity 

0 

1 

Varicellae 

0 


Furuncle on femur 

1 

0 

Erysipelas on lower extremity with known priinarj' 



focus on the trunk (circumcision) 

1 

0 

Altogether j 

161 j 

33 


kinds, excoriations, scratches, operation wounds etc.) or else so 
that the existing skin affections have given rise to solutions 

of continuity through wliich tlie bacteria iiave been able to 
enter. 
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Thus the result of the investigations in the primary foci of 
this er 3 ^sipelas material is: 

1) A sure or probable primary focus of infection of erj'sipelas 
on trunk and upper and lower extremities is detectable far more 
frequently than that of facial erysipelas. 

2) All the primary" foci of infection detected in the cases of 
ery"sipelas on trunk and upper and lower extremities are otraumaticj 
in the wider sense of the word. It is therefore natural to assume 
that the mode of origin has been traumatic also in those cases 
where a primary focus of infection was not detectable. The trauma 
has either been so small that it has escaped notice, or it has been 
healed when the patient was admitted to hospital. 

3) In case of facial ery^sipelas the »traumatic» primary focus 
of infection likewise plays an important part (detected in 49.B 
per cent of all the cases). In 8 per cent of the cases was detected 
a mucosa affection as sure or probable primary focus of the in- 
fection, w'hereas no primary focus of infection was detected in the 
remaining 42.3 per cent of the cases; how^ever, a good many of 
these patients had had a catarrhal affection at the onset or shortly 
before the appearance of the erysipelatous affection, or they 
presented a faucial affection on admission to hospital. Thus there 
seems to be no doubt that facial erysipelas frequently (perhaps 
in 30 per cent of the cases) arises secondarily, in sequel to an in- 
fection in the upper air-passages, the accessory sinuses, the ears 
or eyes. 


The Differential Diagnosis of Erysipelas. 

Diagnostication of a pronounced case of erysipelas generally 
is not difficult: The patient suddenly incurs a highly febrile affec- 
tion with cold shiver, vomitings, dedolations, and general ex- 
haustion. At the same time some region of the skin or other presents 
a frequently shining redness and swelling, which is sharply deli 
mitated by an elevated, toruloid border. The patient has a sensa- 
tion of tension in the affected region, increasing to real pain- 
Without treatment the affection spreads, often tongue-shaped, 
while the central parts become pale. On the affected skin regions 
both vesicles and bullae may appear, and desquamation ensues 
during gradual improvement. 



A CLINICAL STUDY OF EKA'SIPELAS ETC. 


467 


However, far from all cases of erysipelas have such a »classicah> 
course with such pronounced subjective and objective symptoms, 
and here is one of the causes of the differential-diagnostic diffi- 
culties. For the purpose of detecting the incidence of subjective 
and objective symptoms met with in erysipelas the material of 
erysipelas patients of the Blegdams Hospital during the 5 years 
from 1936 to 1940 (both years included) comprising 715 individuals 
was examined. 

The frequency of the different symptoms appears from Table 9. 


Table 9. 
Erysipelas 


The frequency of tlic commonest subjective and objective symptoms. 715 cases. 


Subjective and objeetive sjmiptoms 

Number 
of cases 

per cent 

Rise of lempcralure to above 38° 

G5G 

91.8 

Cold shiver 

173 

0.1 .0 

Vomiting-fits 

133 

18.G 

Rcdiic.ss 

71 ri 

100.0 

Swelling 


100.0 

Sharp definition ^ 

37C 

52.3 

Elevated toruloid border ^ 

1)2 

12.9 

olsletsft outside the chief affection 

55 

7.7 

Bullae 

1-15 

*^1 0 

Vesicles 

3G 

5 0 

Angina of various degrees 

77 

lO.S 


* Moreover, 77 patients had ntypical crysipclas» (lO.S per cent) without 
the case-books containing any details concerning delimitation. 


Thus it is seen that all the patients presented redness and 
swelling as a constant symptom, and even in a highly varying 
degice. On the ground of this material of patients the majority 
of whom were treated wdth chcmotherapcutics, it is difficult to 
say anything about the extension of the affection at the liorders 
as well as about the central clearing up. 

As far as information was available 8.2 per cent of the patients 
had had no rises of temperature above 38“ either at home or at 
the hospital. A good many of them were elderly persons or jialients 
who had previously had one or several attacks of erysipelas, not- 
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ably on the lower extremities. In Jochmann’s material (11) tl,e 
cases free from fever amount to 7.4 per cent, whereas Erdmann (7) 
Tileson (20) and Birkhaug (4) report a much lower percentage 
(1 — 2 per cent). 

The sharp delimitation of the affection was only observed in 
a little more than half of the cases, which is, perhaps, partially 
due to this symptom persisting only as long as the affection is 
progressing; and it must be borne in mind that, in a great number 
of the patients admitted to hospital, the affection has culminated 
already before their admission. 

The figures recorded in Table 9 for the different subjective 
symiptoms must probably be considered to be too low, as it is 
not excluded that the sy^mptoms were omitted among the data 
noted in the case-book, because the patients were not questioned 
about them. 

As a rule the appearance of general and local symptoms is 
synchronous [Hegler (8), Norby (14)] but they sometimes occur at 
a couple of days’ interval [Birkhaug (4)], and the present material 
even comprises 2 patients who presented them at 4 and 5 days’ 
intervals, respectively. Naturally that may render correct diagnos- 
tication of the affection difficult during the first days, and it 
actually' does happen that patients with erysipelas are admitted 
to hospital under diagnoses such as febrilia, influenza, pneumonia, 
sepsis etc. 

Fallacious diagnosis may, of course, also be due to deficient 
examination, the physician f. ex. overlooking an erysipelas on the 
lov'er e.xtremities, because the patient owing to the slightness or 
even absence of local sy’^mptoms does not draw attention to the 
affection or is not even aware of it. 

10.8 per cent of the 715 patients examined suffered from more 
or less pronounced angina with conditions varying between 
moderate faucial swelling and redness and true tonsillitis vith 
furrings. 

Therefore it is not to be wondered at that many erysipelas 
patients are admitted under diagnoses such as for example angina, 
mononucleosis and diphtheria, for in certain cases the throat affec 
tion quite dominates the picture, whereas the local skin symptoms 
either havm not appeared yet or are so insignificant as to be over 
looked. 
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Among tlie 715 patients with erysipelas were 20 (i. e. 2.8 per 
cent) who were admitted under some other diagnosis. 

The distribution of these fallacious diagnoses is recorded in 
Table 10. 


Table 10. 


Erysipelas patients admitted under fallacious diagnoses (20 cases) 


— 

Admission diagnosis 

Number of 
cases 

Febrilia (2), influenza (1), pneumonia (3), sepsis (1), rlieumalic 

8 

Observation for diphtheria (2), angina (2), mononucleosis (1) 

5 

Phlegmon (1), lymphangitis (1) 

2 

Observation for osteomyelitis 

1 

Acute otitis media, observation for mastoiditis 

1 

Purulent dacrocystilis 

1 

Buccal impetigo, epidemic parotitis 

1 

Exanthema 

1 



INIuch oftener does it happen, however, that various other 
diseases are mistaken for eiysipclas. 

During the period 1936 — =10, 827 patients were thus admitted 
to Blcgdams Hospital under the diagnosis erysipelas; 695 of them 
had erysipelas, whereas 132 suffered from various other 
affections, rvliich the referring physicians had mistaken for 
erysipelas. 

In the Tables 11 and 12 are recorded the diagnoses made in 
these 132 cases. 

Now the objection may be raised that the great number of 
fallacious diagnoses partially is due to tlic referring physician’s 
press of business and, perhaps, ignorance of tlic clinic of erysipelas, 
but on reviewing the case-reports it is evident that also the hospital 
physicians who come across fresh erysipelas cases virtually every 
day have had difficulties of diagnosing the affection, and often 
disagreed in that respect. 

Simple capillary bjmphangUis may bear great resemblance to 
incipient erysipelas but the sharp toruloid delimitation is absent 
in lymphangitis, where the redness as a rule is not so homogeneous 
but more reticular, vanishing in the surroundinos. 
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Truncal lympIiangUis with the tender, firm cords, in whos. 
surroundings tiie redness is found, should he easy to discern from 
erysipelas, so much more as it presents the tender regional glands 
These may, however, be tender and swollen in erysipelas too, but 
that is rare. 

The differential diagnosis between erysipelas and phlegmon is 
much more difficult, particularly in regions where the skin is thin 
and because erysipelas may be conjoined or complicated with a 
phlegmon. However, in case of erysipelas the maximal redness, 
swelling and tenderness is in the periphery of the affection, whereas 
phlegmon presents the strongest reaction in the center. In case 
of phlegmon the boundary-line between sound skin and affection 
is somewhat indistinct, and the redness, besides being less shining 
than in erysipelas, is of a darker hue. 

Also abscesses, furuncles and carbuncles may occasionally be 
difficult to discern from erysipelas but here, too, it holds still 
more than in the above-mentioned affections that the strongest 
redness, swelling and tenderness are seated centrally, and that the 
sharp, toruloid delimitation is missing. The existence of fluctua- 
tion will, of course, immediately afford the diagnosis. 

Crural ulcer and contusion wounds with inflammation in Ihe 
surroundings as a rule do not cause any rise of temperature, the 
general condition is qpite unaffected, and typical local erysipelas 
symptoms fail to appear. 

Varix inflammation and phlebitis present redness, swelling and 
tenderness foUoAving the vein cord upward on the extremity or 
in the surroundings of the infiltrated node, even though the redness 
may extend rather far outward in the surroundings. Palpation of 
the firm vein cord Avill afford the diagnosis. 

As regards the other diagnoses recorded in Table 11 there is 
scarcely a question of differential-diagnostic difficulties after careful 
examination, apart, perhaps, from phlegmonous dacrocgstitis which, 
in the case here observed, bore a striking resemblance to facial 
erysipelas, although the strongest reaction w^as found correspond 
ing to the inner canthus. 

Table 12 shoAvs that, among the skin affections, artificial der- 
matitis and eczema are those wdiich are most frequently mistaken 
for erysipelas. . This is not to be wondered at, since a quite acute 
dermatitis or eczema, or exacerbations of such most frequently 
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Table 11. 

Patients with admission diagnosis erysipelas (1). 


Diagnosis made in the department 

Number of 
cases 


11 


3 


2 


14 


11 


3 


4 


3 


3 


1 


1 


1 


1 


1 

---r 

ATnxinnry sinusitis 

1 

Osienmyplit.is seq. 

1 

Acute niastoidilis 

1 



Table 12. 

Patients with admission diagnosis erysipelas (2). 


Diagnosis made in the department 

Number of 
cases 

Artificial dermatitis 

2G 

Eczema 

0 

Urticaria 

2 

Erythema Solaris 

0 

Pityriasis simplex 

1 

Facial streptodermia 

3 

Lupus erythematodes 

1 

Observation for epidermophytosis , 

1 

Erysipeloid 

g 

Cauterisation? . 

1 

Nonspecific erythema ...... 

1 

Erythema nodosum 

3 

Crural erythema induratum 

1 

Herpes zoster 

1 7 

Nontraumatic hemarthrosis of the knee . 

1 

Infiltration of the parotid region (sclerema?) 

1 

Catarrhalia i 

1 
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manifest themselves by vivid redness which, as a rule, certainl- 
IS not homogeneous, having an unsharp, often scalloped delimita 
tion and, frequently, small red ,>islets)^ in the sound skin outsido 
the chief affection. Such »islets» are hut rarely obser\^ed in ensi- 
pelas (cf. Table 9). Besides, the patients with dermatitis Md 
eczema have no or very slight rises of temperature, and their 
general condition is unaffected. Moreover, a careful . anamnesis 
vdll in many cases afford information about some noxious agent 
or other as cause of the skin affection. 

In pronounced cases of erglhema Solaris both strong redness 
and swelling is observed but in most cases there is no rise of tem- 
perature, and the general condition is unaffected. The localization 
of the affection to places exposed to the sun, anamnestic informa- 
tion about )>sunbath», and the absence of typical local er}'sipe)as 
symptoms ^YiII moreover afford the correct diagnosis. 

Lupus crythcmafodes should not be difficult to discern from 
erysipelas, since it generally is a chronic, afebrile affection. Yet 
there are also some slight, acute cases mostly occurring after much 
exposure to the raj's of the sun, but in this form are observed many 
larger, sharply delimitated and slightly infiltrated red spots of 
irregular shape with the strongest redness at the borders. The 
disseminated localization, the secondary' formation of scales, and 
the absence of rise of temperature are the best marks of distinction 
opposite ery'sipelas. 

An affection which is regularly mistaken for erysipelas is the 
erysipeloid (liog-cholera). During the first days it manifests itself 
by regular spots and swelling of a vivid red and sharp delimitation, 
the process just as in ery'sipelas progressing towards the border 
and fading in the center. Here the resemblance to ery'sipelas 
ceases, however: There is no fever (or, at any rate, very' little), 
and after a couple of days the affection looks quite different, only 
a slightly' swollen, pale bluish redness encircled by a narrow pink 
border being left. Adding to this information as to the patient s 
occupation (w'orking vith meat, fish or preserv'es), and the locali 
zation to hands and fingers (extremely' rare in erysipelas), the 
diagnosis ought not to be difficult. 

Epidermophytosis may' be associated with true ery'sipelas on 
feet and legs, due to streptococcal infection of the fissures, but 
recurrent affections resembling ery'sipelas, y'et differing essentially 
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from erysipelas proper, are reported to be fairly common; No 
fever, no sharp delimitation, no progressive dissemination, often 
two separate areas at the same time, and the skin not shining 
[Traub and Tolmach (17), Sulzberger, Rosterberg and Gootze (15)]. 

Erythema nodosum and erythema induratiim are occasionally 
mistaken for erysipelas. The multiple occurrence and mostly 
s^mimetric localization on the legs in the majority of cases permits 
of correct diagnosis but in isolated cases the single elements may 
be so well developed that they fuse and thus give rise to an affection 
reminding of erysipelas. ErjThema induratum should be still more 
difficult to mistake for erysipelas, since it is a chronic affection. 

The differential diagnosis between erysipelas and herpes zoster, 
particularly herpes zoster ophthalmicus maj’^ be exceedingly difficult 
[Elders (C)]. In the course of 5 years were 17 patients with herpes 
zoster admitted to Blegdams Hospital under the diagnosis ery- 
sipelas. Among those 17 patients were 15 who suffered from herpes 
zoster ophthalmicus. 

What must be attached particular importance to in the differen- 
tial diagnosis between herpes zoster ophthalmicus and erysipelas 
is that the former affection is preceded by neuralgic j^ains, sharp 
vertical delimitation in the median line, involvement of the scalp, 
cornea affection and, often, secondary outbreak on trunk and 
extremities. 

In an isolated case erysipelas was observed as complication of 
an existing herpes zoster (after scratching in the herpes elements), 
which may, of course, render correct diagnosis difficult. 

A number of those affections which, according to the reports 
of several authors, may occasionally be mistaken for erysijielas, 
are not included in this material, for the sake of completeness, 
however, they shall just be mentioned. 

Erythema infectiosum which, during the last 6 months, has 
occurred fairly often in Copenhagen, may be impossible to discern 
from erysipelas during the first stages when the patient’s face 
often presents a crimson swelling shaped like a butterfly, witli 
rather sharp, elevated borders, and associated with fever. Tlic 
diagnosis can be made later, however, when a rash appears all 
over the body [Bauer (3), Peer (28)]. 

Now and then the vivid redness round ihc vaccination pustules 
is mistaken for erysipelas [Ustvedt (22)], but it iiappens very 
32 — Ada med. scandinav. VoL CXJl. 
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Table 13. 


Synoptic survey of the subjective and objective symptoms of herpes zoster 
oplithslniicus 3nd facicil erysipelas. 


Herpes zoster ophthalmicus 

Facial erysipelas 

Virtually in all cases preceding neur- 
algic pains in the region of the first 
division of the trigeminus. 


As a rule slight rise of temperature 
about 38°C. Yet, the patient may 
become highly febrile. 

Mostly high fever with cold shiver 
and vomiting-fits. 

Almost always stinging and lancinat- 
ing neuralgic pains also after the 
eruption. 

Tension and sensation of heat, but 
now and again real pains too. 

The eruption is initiated by redness 
and swelling of the skin, followed by 
the formation of small and larger, 
flat, reddish infiltrates, all appearing 
at the same time. Subsequently there 
appear vesicles encircled by a red 
zone; in isolated cases the vesicles 
fuse into larger bullae. 

Redness and swelling of the skin and, 
as long as the affection is progressing, 
sharp, toruloid delimitation too. There 
do sometimes appear vesicles, though 
far more frequently, larger bullae. 

The affection is sharply delimited by 
the median line. Yet the edema may 
extend beyond the median line. Cases 
of bilateral zoster are extremely rare. 

As a rule not confined to one side, 
nor has the affection ever any sharp 
vertical delimitation in the median 

line. 

In many cases eruptions on the 
cornea, and corneal anesthesia which, 
now and again, does not occur how- 
ever, before several days have elapsed, 
and particularly in cases also pre- 
senting elements on the tip of the 

nose. 

In case of localization to forehead, 
nose or cheeks the eyelids often are 
involved and, hence, very edematous, 
in some cases even in such a degree 
that the eye cannot be opened, and 
inspection (of the eye) may be 
rendered impossible. 

Always conjunctivitis. 

Conjunctival injection in some cas«. 

The scalp is virtually always involved. 

The scalp is but rarely affected. 

In the majority of cases eruptions of 
varicelloid herpes elements on trunk 
and extremities. 
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seldom that a child on vaccination is infected with erysipelas; 
if it does happen, however, the erysipelas will appear fairly rapidly. 
The usual redness on the contrary appears from 5 to 6 days after 
vaccination, and it develops together with the pustules. More- 
over, it is strongest in the center and without sharp delimitation. 
Erythema miillijormc is likewise reported to have been confounded 
with erysipelas, which is somewhat difficult to understand. Malig- 
nant anthrax is said to bear resemblance to erysipelas [Ustvedt 
(22)], but here the swelling is larger, as hard as wood and the 
diagnosis is evident when the necrotic pustule and the large swelling 
of the ljunph glands appear at the same time. 

Now and then necrosis adiposa neonaiorum has been mistaken 
for erysipelas at so early a stage of the disease that there u'as 
redness over the infiltration and the characteristic elevations had 
not appeared yet [Bojlen and Petri (5)]. 

Insect-bites, particularly of bees, in case of pronounced redness 
may resemble erysipelas but the delimitation characteristic of 
this affection does not exist. The detection of the very place of 
bite does not afford the diagnosis, because erysipelas not infre- 
quently originates from an insect-bite. 

From the above it is evident that the differential diagnosis 
of erysipelas may be very difficult, for numerous affections of 
various kind may be, and have actually been, mistaken for ery- 
sipelas but it must be emphasized that plilegmon, lymphangitis, 
dermatitis artificialis as well as herpes zoster ophthalmicus are 
the affections which far most frequently arc confounded with 
erysipelas. 

Summary, 

In a material consisting of 715 patients with erysipelas the 
usual seasonal variations of incidence are found, i. e. fewest cases 
in the summer months, most cases in the Avinter months. 

The majority of cases occurred in persons aged 50 to 60 years. 
There was a considerable female preponderance, particularly of 
erysipelas on the lower extremities, though also of the other locali- 
sations of the affection. 

A primal y focus of infection rvas found far more frequently in 

case of erysipelas on trunk and extremities than in case of facial 
erysipelas. 
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T))e traumatic mode of origin of e^^sipelas on trunk and extrp 
mities is confirmed. 

In about 50 per cent of the cases of facial erysipelas a sure 
or probable traumatic primary focus of infection was detected 
and in 8 per cent of the cases a mucosal affection was found to 
be the sure or probable primary focus of infection. 

A great many of the remaining patients with facial erysipelas 
had had influenza, catarrhalia or angina immediately before they 
incurred erysipelas, which renders it probable that facial erj'sipelas 
relatively often occurs secondarily to an infection of the upper 
air-passages, the accessory^ sinuses, the ears and the eyes. 

The difficulties of diagnosing erysipelas are discussed in detail. 

On the basis of 152 fallacious erysipelas diagnoses on the 
patients’ admission to hospital the differential-diagnostic diffi- 
culties are reviewed. 

It is emphasized that phlegmon, lymphangitis, artificial derma- 
titis and herpes zoster ophthalmicus far most frequently are con- 
founded with erysipelas. 
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Aus dem pharmakologischen Instilut der Universitiit Kopenhaeen tch f. 
Prof., Dr. med. Knud 0. Mailer) und der psykiatrisclien Abteiliinl L 
Bispebjffirg Hospitals (Chefarzt: Dr. med. C. Clemmesen). 


Uber den Wert der Magenspiilung bei der 
Behandlung von akuten Vergiftungen.* 

Von 

ELISABETH HARSTAD, KNUD O. M0LLER end 
MARGRETHE H. SIMESEN. 

(Bei der Redaktion am 6. August 1942 eingcgangen). 


Bei Behandlung der akuten Vergiftung, wo das Gift durch 
den Mund eingcnommen worden ist, versucht man teils soweit 
moglich die Resorption des eingenommenen Giftes zu verhindern, 
und teils den resorptiven Giftwirkungen entgegen zu arbeiten. 

Zur Hemmung oder Verhinderung der Resorption des ein- 
genommenen Giftes verfiigt man iiber eine Reihe von Metlioden; 

1. Erzeugung von Erltrechen durch mechanische Auslosung 
des Brechreflexes odcr mit Hilfe von Breclimitteln. 

2. Leerung des Magens durch Aspiration. 

3. Magenspiilung mit grosseren Oder kleineren Mengen Wasser 
(evil. Kohlensuspension). 

4. Zur Entleerung des Darmkanals, Eingabe von schnell wir- 
kenden Abfiihrmitteln, die selbst die Resorption des Giftes niclit 
besclileunigen. 

* Fttr die Barbitursauren werdcn im folgenden die aniuhrten cianischen 
Pharmakopoe-namen benutzt: 

Diemal = Diathylbarbitursaurc (Veronal u. ahnl.) 

Phenemal = Phenylaethylbarbitursaure (Luminal u. ahnl.) 

Diallynal = Diallylbarbitursaure (Dial u. ahnl.) 

Allypropijnal — Allylisopropylbarbitursaure (Isonal, Numal u. ahnl.). 
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5. Eingabe von spezifiscben Gcgengilten, die den GiftstoK 
chemisch zu ungiftigen oder unloslicben Verbindungen umbilden. 

6. Eingabe von Tierkoble (carbo medicinalis), die zahlreiche 
Gifte adsorbiert und dadnrcli deren Resorption im Darmkanal 
verbinderi oder verzogert (»Adsorptionstherapie))). 

Haufig werden mebrere dieser Metboden konibiniert. Die zur 
Zoit am baufigsten angewandte Bebandlung dcr moisten Ver- 
giftungen bestebt in der Magenspiilung (evtl. mit Koblcnsuspension) 
und nacbfolgender Eingabe von carbo medicinalis und saiiniscbcn 
Alifiibrmitteln. Brecliniittel sind in den Ictzten 50 Jabren nur 
sebr wcnig angewandt wordcn, und die Magenspubing war in dieser 
Zeit die bauptsaclilicli angewandte Tlierapic. Bei den relativ 
wenigen Vergiftungen, wo wirksamc spezifisebe oAntidoteno zur 
Verfiigung stclien, ist deren Anwendung immer indiziert. 

Die Benutzung von Kohle zur Bebandlung dcr akuten Ver- 
giftung ist alt (Touery etwa 1830; Gairod 1858), aber systematisebe 
Anwendung hat Koble erst auf Grund der Untersuebungen von 
Wieebowski (1910, 1915) iiber die Wirkungsweise der Koble und 
durcb Starkensteins cindringlicbc Bclonung dcr Bcdcutung dcr 
Adsorptionstberapie crlialtcn, ein Gesiebtspunkt, der vollig in 
GbereinsUmmung mit unserer Auffassung steht. Ol)cr die. Wir- 
kungsweise dcr Koble und ibre Bcdcutung bei Bebandlung von 
akuten Vergiftungen bat A. Harrestrup Andersen bier im pbarma- 
kologiscben Inslitut umfassende Untersuebungen ausgcfiibrt, die 
spater verdffentlicbt werden sollen. 

Die Auffassung der Mchrzahl dcr firzic fiber die Bcdmhing dcr 
Magenspiilung bei Bchandhing dcr nUuten Vergiflung Icann wohl 
folgendcrnmsscn formiilicrl werden: In Fallen von akutcr Vergiflung 
muss die Unlerlassung der Magenspiilung nls cin Kunstfchler bc- 
Irachtel werden, soweil cs sich nichl um Vergiflung mil slarken Basen 
oder Sduren handell, oder soweit nichl sehr langc Zcil soil dcr Ein- 
gabe des Giflcs verslrichcn isl. Diese Ansebauung begriindet sicb 
wabrsclieinlicli darauf, dass man cs als scibstverslandlicb ange- 
sehen bat, dass ein Stoff dcr in den Magen gclangt ist, aucb wieder 
durcb Spiilung entfernt werden kann, und fernerbin darauf, dass 
man bei einer Rcibc von Vergiftungen direkt das cingenommene 
Gift im Spiilwasser gefunden bat, wo es durcb Farbc, Gerucb oder 
in anderer Weise zum Vorscbcin gekqmmcn ist. Soweit iins bekannt, 
liegen quantitative systematisebe Untersuebungen uber die Grosse 
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der Giftmengen, die man tatsachlich durch Magenspiiluiig eRtiernoR 
kann, nicht vor. 

Die Literaturangaben iiber die zweckmassigste Technik bei tkr 
Spiilung, iiber die Menge der anzuwendenden Fliissigkeit u. a. sind 
sparlich und widerspruchsvoll. Haufig wird die Spiilung mit sehr 
grossen Fliissigkeitsmengen vorgenommen; Popper (1933) empficbli 
Spiilung mit 10—40 Liter Wasser. Nur ein einzelnes toxikologisclies 
Handbuch aussert Zweifel iiber die Bedeutung der Spiilung (Star- 
kenstein, Rost und Pohl 1929) und fiihrten an; »Wahrend der 
Magenspiilung kann die Resorption des noch nicht ausgespulten 
Giftes weiter fortschreiten und durch das Spiihvasser unter Um- 
standen sogar eine Ldsung noch nicht geloster Giftmengen erfolgen, 
die dann durch den Pylorus in den Darm gelangen konnen.s 

Der Zweek der vorliegenden Arbeit war die Beschaffung eincs 
grossen Materiales zu einer quantitativen Beurteilung der Be- 
deutung der Magenspiilung bei der akuten Vergiftung, woliei in 
der Hauptsache Wert darauf gelegt wurde zu untersuchen, ivie 
grosse Mengen des eingenommenen Gifies tatsachlich mit der Spiil- 
flussigkeit herausbefordert werden kbnnen. Da die Literatur iiber 
das genannte Problem nur sehr sparlich ist, erschien es uns berech- 
tigt im Anschluss an unsere Untersuchungen die ganze Frage ver- 
haltnismassig ausfiihrlich zu behandeln, und hierbei auch die bislo- 
rische Seite des Problems zu beriicksichtigen. 

1. Historischer Uberblick. 

Obwohl man schon im griechischen Altertum Yersuche zur 
kiinstlichen Erzeugung des Erbrechens gemacht hat, versuchte man 
erst in der rdmischen Kaiserzeit systematisch Methoden zur Leerung 
des Magens zu finden. Brechmittel waren bekannt, aber da die 
Indikation zur Erzeugung von Erbrechen fast ausschliesslich die 
Nachwirkungen nach »lukullischen» Mahizeiten war, und da Brecb- 
mittel in gewissen Fallen nur Obelkeit mit sich fiihrten, versuclite 
man anstatt dessen den Brechreflex durch mechanische Reize 
auszulosen. Hierzu vnirden Brechfedern (pinna) (8 10 in Oel 
getauchte Schwanzfedern von Gansen) und andere komplizierte 
Methoden benutzt. Diese Methoden sollen auch bei Opiumver- 
giftungen im ersten Jahrhundert vor Christi (Oser 1887) benutzt 
worden sein. 
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Am Ende des 17. Jalmhunderts wurde der Gebrauch eines 
Apparates, der sogenannten )>Magenburste» (»MageTikratzer», ex- 
cutia ventriculi) eingefiihrt, welclie aus einer IMagensonde aus 
Fischbein bestand und an der Spitze mit einer kleinen Biirste 
versehen war, die durcli Auf- und Abwartsbewegen die »Magen- 
sclileimliaut saubern» sollte. Eine Zeitlang wurdc dieser Apparat 
viel angewandt, hat aber bei Ycrgiftungen anscheinend keine Ver- 
wendung gefunden (I^eubc, 1879). 

1776 empfalil der beruhmte Chirurg John Hunter als erster die 
Amvendung von hohlen, robrcnformigen und bicgsamen Magcn- 
sonden, um lokalrcizendc Sloffe Avie TcrpenLin u. ahnliclic un- 
mittelbar in den Magen zur Wicdcrbolcbung von Ertrunkcncn ein- 
fiihren zu kdnnen. Kurz darauf Aviirdc die Magensondc soAVohl zur 
Einfiihrung von Fliissigkeitcn in den Magen, als auch zur Aspira- 
tion aus dem Magen unter Bcnulzung einer geAvohnlichen Spritzc 
mit Stempel benuLzL. Die Kombination dieser ])eiden Eingriffe 
zum ZAvecke dor Magenspiilung Avar nahe licgcnd, und zum crslcn 
Male AA'urdc dieser Gcdanke von dem cnglischen Wundarzt F. Bush 
(veroffenllicht 1822) in der Praxis vcrwirkliclit, der in mclireren 
Fallen A'on Opium\^crgiftung den Magen unter Bcnulzung einer 
einfachen Spritzc mit Stempel spultc (zit. nach Lcubc S. 20). Im 
ZAA'eilen Jahrzchnt des Amrigcn Jahrhunderts cr.schicncn AX'rschic- 
dcnc, kompliziertc und sinnrciche Magenpumpen, die A’on Jukes, 
Ward, Read u. a. konslruicrt AAwden AA'aren (zit. nach Lcube S. 21), 
AAWon namentlich die \mn Read angcgcbenc in AA’cilen Kreisen 
bekannt Avurde. Diesc Avird z. B. in der Buchner’sehen Toxikologie 
aus dem Jahre 1827 und in der danischen Toxikologie Amn Otto 
(1838) au.sfuhrlich behandelt. Eine ausfuhrliclic Beschreibung mit 
Abbildungen der MYiss’sehen Magenpumpe findet sich bei Grafc 
(1826). 

Die verschiedenen Methoden und Tnstrumente crreichtcn Iceinen 
grosseren AnAvcndungsbercich und gericten allmiililich in Yerges- 
senheit bis von Kussmaiil (1867—69) die Magcn.spiilung bei Beliand- 
lung der Magendilatation dringlich cmpfohlen Avurde. Die kompli- 
zierte Damerikanischc Magcnpumpe» und iihnlichc Apparatc, die 
Kussmaul Ijenutzt hatte, Avurden jcdoch bald Avieder AX'rlassen 
und durch die Arbeiten von Jiirgcnsen (1870), Ploss (1870), Rosen- 
tlial (1870) und Hodgen (1870) Avurdc das Prinzip des He.bers in 
die Teclmik des Magcnspiilens cingcfuhrt, AA’cnn auch immer nocli 
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in koniplizierLcrcr Form als cs heule vcrwcnclet wird. Die \kr 
Avendung von Gummi anstalL dcs Hartgummis als Material fii'r 
IMagensonden vircl crslmalig von Oscr (1875) und von Ewald ( 1875 ) 
orwiUinl. Am Ende dcs vorigcn Jahrliunderls Avurde auf Emp- 
feiilung dcs bckanntcn Toxikologcn Lcwins (1895) die sogenannte 
•dxlyso-Pumpo) (cin Gummiballon der mil zwei gleichgericliteten 
Vcnlilcn vorschcn ist cingcfuhrl, die auch lieule nocli einige An- 
wcndung findcl. 

Die hcutz.ulagc fast ausschliesslicli zur Magenspiilung ange- 
Avandte A[c.Uvodo, wobci nur die Magensondc in Verbindung mit 
cinem langcn Gnmmisclilaucli, dcr in cincm grossen Glastrichter 
cndel, angeAvandi Avird, Avurdc schon 1823 von SommerA'ille be- 
scliricben, ohne dass dicse Afethode zuniiclist Aveiterc Anwendunc 
fand. Ewald (1875) bcnutzLc dieses moderne »Trichtcr-Heber- 
Prinzip'', das aiicb in der Toxikologic von Robert (1887) bebandelt 
■\vird. 

Bci der Vcrgiflungslichandlung dominierte die AnAvendung von 
Brechmiltcln lange Zeit liiicr die ATagonspulung, die gewohnlich 
nur dann })einitzl wurdc, wenn die Brccbmiltel versagten odcr aus 
anderen Grunden nicliL angewandt werden konnten. Aus den 
toxikologisclien Handbuchevn dcr vcrschicdenen Zeiten gcht ein- 
deulig iiervor, dass die ATagcnspulung erst seit Ende des vorigcn 
Jahrliunderls die hauptsachlichc Bcliandlungsmetbodc von Ver- 
giftungen geworden ist. 

2. Die im Ma^en gefundene Giftmenge bei Personen 
die an Vergiftungen ohne vorausgegangene Magenspiilung 

gestorben sind. 

Zu.i Bcurlcilung dcr Fragc dcs Wcrlcs der Alagcnspiilung ist es 
von Interessc zu Avissen, wie gross die im Alagen vorlianclenen 
Giftmengen in Fiillcn von Vergiflungen sind. Wic spatcr gezeigt 
Nvird, kann cine Unlcrsuclumg der Spulfliissigkeit keine Klarung 
dicser Frage bringen. Es bleibt clalier nur die Mdglichkeit der 
Bestimmung dcr Giftmenge im A'lageninbalt von an Vergiftungen 
gestorbenen Personen. 

Von den in clen lelzlen Jabren zur gericbtsmedizinisclien Unter 
suehung im pharmakologischen Institut analysierten Fallen vur 
den alle die ausgewabll, die an den in Tabelle 1 — 3 angefulirten 
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Tabelle 1. 


Giftmenge im IMagen von an Schlafmittelvergiftung gestorbenen JMenscben. Keine Magenspiilung. 
Diemal = Diaihylbarbiiursaure; Phenemal = Phenylathylbarbitursaure; Diallynal = Diallyl- 
barbitursaure; Allyproptjnal = Allylisopropylbarbitursaure. 


nnH 


Zeitintervall 

Menge des 



Laufende 

Nummer 

Art des Giftes 

zwischen 
Einnahme des 

Magen- 

inhalts 

Im Mageninhall 
gefimdeh in g 

' Bemerkungen 

vmm 


Giftes und Tod 

1 in ml. 



605 

gemischte Barbitursauren 

i ca. 12 St. 

27 

0.081 


513 

Diemal 

<6 St. 

38 

S.sr 


634 

Diemal 

ca. 30 St. 

73 

0.008 


665 

Diemal 

ca. 48 St. 

425 

0.011 


425 

Phenemal 

14 St. 

10 

0 


489 

Phenemal 

ca. 20—24 St. 

44 

0.28 


659 

Phenemal 

ca. 30 St. 

46 

0.005 


660 

1 

Phenemal + hlorphln 

ca. 2 St. 

210 

(2.30 Diemal 

1 0.129 Morphin 


435 

Allypropynal 

ca. 12 St. 

138 

1.37 


463 

Allypropynai 

< 5 St. 

220 

0.011 


483 

Allypropynal 

ca. 10 St. 

120 

1.05 


636 

Allypropynal 

12— 15 St. 

38 

0.023 


629 

Allypropynal + Kloral- 
hydrat 

4 St. 

110 

( 0.06 Allypr. 
jo.40 Kloral. 


391 

Diallynal 

ca. 24 St. 

86 

0 


535 

Diallynal 

ca. 48 St. 

62 

0.004 

I 

555 

Diallynal 

ca. 12 St. 

ca. 250^ 

ca. 30 gi 

in 23 ml 3.0 g 

589 

630 

Diallynal 

Diallynal 

ca. 30 St. 
ca. 28 St. 

205 

44 

0.009 

0.007 

gefunclen 

619 

Diallynal -f- Morphin 

ca. 12—18 St. 

146 

f 0.043 Diallynal 


577 

A.cthylallylbarbitursaure 

ca. 48 St. 

7 

1^0.0003 iMorphin 
0 


365 ( 

Dibalgin 

ca. 2 St. 

1200 

( 2.08 Diallynal 


— 



yi2.7 Amidopyrin 

1 

57 — 58 Tablet- 
Lcn entsprechend 



Giften gestorben sind, und bei denen mit Sicherheit bekannt war, 
dass erne Magenspulung oder eine andere Beliandlung, die die 
Leerung des Magens bezweckte, nicht vorgenommen worden war. 
Es handelt sich hierbei urn Personen, die tot aufgefunden warden 
0 er die waiirend des Transportes zum Hospital gestorben sind’ 
Oder bei denen Magenspiilung nicht vorgenommen wiirde, weil’ 


^Nur etwa 1/10 des lilageninlialts 
Gestorbene war Krankenscbwcster. 


wurde zur Untersuchung gcscliickt. 


Die 
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Tabelle 2. 

Giftmenge im Magen von an verschiedcnen Vergiftungen gestorbenen 
iMenschen. Keine Magenspulung. Arsen war ip alien Fallen in Form von 
Losungen eingenommen worden, die zur Reinigung des Viehes benutzt werden. 


Laufendc 

Nummer 


Art des Gittes 


Zeitintervall 
zwischen Ein 
nahme des 
Giftes und Tod 


Menge des 
Magen- 
inhalts 
in ml. 


Im Magcn- 
inhalt gefun- 
dcn in g 


Bemcr- 

kungen 


127 

154 

204 

377 

490 

604 

37 

83 

84 
108 
116 
223 
638 
347 
361 
398 
406 
457 
480 
518 
542 
576 
587 
610 
615 
661 
322 
433 


Arscnik^ 


Cyanwasserstoff 

Cyankaliiun- 

Cyannatriinn 


1) 

i> 

I) 

I) 


ca. 48 St. 

? 

4 St. 
< 12 St. 
ca. 24 St. 

? 

<2 St. 
ca. 1 — 2 St. 
? 

< 1 St. 

9 


Nikotin 


300 

257 

360 

850 

70 

27 

75 

504 

14 

80 

14 

66 


,0.0005 As 
10.839 i> 
0.047 » 

10.0008 9 

lo.064 » 

10.0002 HCN 


10.021 9 

0.011 » 
0.002 >■> 
0.011 * 
,0.0003 '> 
0.007 » 

0.019 » 

1.97 Nikotin 


Nitrobenzol 

Strychnin 



dies wegen der langen Zeit.die seit 

war, Oder aus anderen Grunden, nicht me i gghiafniittelver- 

enthalt eine Zusammenstellung der Fa 

1 Zur Reinigung von Vieh benutzte Arsenlosung. 
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Tabelle 3. 


Wengc von Strychnin (»Str.»), Chinin (»CWn.«) imd Eisen (bcreclmet als 
FcoO ) im Magcn von Mensclien, die nach Einnahnie von Easton Sirup Tablet- 
ten aestorben Sind. Kcine MagenspOlung. EineTabletteenthieltzu derbetrel- 
fenden Zeit 2 mg Strychninphospliat (etwa 1.8 mg Strychnin entsprcchend) 

und 5 eg Cliininphosphat. 


Nr. 

Zeit 

zwisclien 
Giitein- 
nalime 
u. Tod 

Magen- 
inhalt 
Mcnge 
in ml. 

Im iilageninhalt 

Im Darmkanal 

.\ller d. 
Gcslor- 
benen 
Jalirc 

gclundcnc 
Substanz g 

gefuudcnc 
Eisen- 
menge 
in Tabl. 
umgercch- 
net 

gefundenc 

Substanz 

g 

gefundenc 
Eisen- 
menge 
in Tabl. 
umgcrcch- 
nct 

145 

ca. 1 St. 

■ 

0.274 Chin. 

0.007 Sir. 




fi 

2SC 

ca. 1 St. 

220 

0.G22 FOjOj 

21 Tabl. 

— 

— 

53 

339 

ca. 1 St. 

91 

0.020 FojOj 

ca. 1 Tabl. 

0.421 FCoOj 

14 Tabl. 

7 

380 

? 

118 

0.211 FCjOa 

6»4Tabl. 

1.08 FCjOj 

33 Tabl. 

25 

453 

? 

204 

0.010 Sir. 

0.25G Chin. 
0.450 FCjOj 

13 y,Tabl. 

1 .50 FcjOj 

48 Tabl. 

^15 

4G5 

ca. 1 St. 

280 

mm 

8 Tabl. 


7 y. Tabl. 

2% 


gifLungen, Tahellc 2 cine solclic von Vergiftungen mil Arsen, Blau- 
saiire und Nikotin und TabeJlc 3 Yergiflungen niit Easton-Sirup- 
Tabletten, die spa ter nailer bcscliriebcn werden. 

Die chemiscli- analytisclie Tcclinik bci den vorgenommenen 
Beslimmungen war die liier im Inslitut bci gcriclilsmedizinisclien 
Untersucluingen iibliclie, (vgl. aucli den folgenden Abschnitt). 

Die Analyse von Schlajmitlclvcrgijlungcn (I'niieilc 1) zeigen 
seiir variierende Ergebnisse. Wenn man aueli annehmen muss, 
dass ein Teil der gefundenen niedrigen Werte dadurcli bedingt 
ist, dass melirerc Tagen zwisclien der Einnahme des Giftes und 
dem Eintreten des Todcs vergangen sind, kdnnen die stark sclnvan- 
kenden Resultate niciit allein durch die vcrseliiedene Zeit erklart 
werden, die vor dem Einlrilt des Todes verstriclicn war. Dieses 
geht eindeutig aus der Tabelle hervor. Die Grossc der eingenomme- 
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nen Dosis ist naturlich von wesentlicher Bedeutung diese 
aber nicht bekannt; in alien Fallen war sie jedoch so’gross, dasl 
sie fiir den betreffenden todlich war. In 6 von 21 Fallen von Schlaf 
mittelvergiftung wurde im Magen mehr als 1 g gefunden und^in 
3 dieser Falle ist mit Sicherheit bekannt, dass mindestens 10-12 
Stunden zwischen der Einnahme des Giftes und dem Eintreten des 
Todes verstrichen sind (1.05 g/10 Stunden; 1.37 g/12 Stunden; 
ca. 30 g/ca. 12 Stunden). Im Fall Nr. 555, wo etwa 30 g Diallynal 
gefunden wurden, handelte es sich um eine Krankenschwester, die 
eine ausserordentlich grosse Dosis eingenommen liaben muss. 

Die angefiihrten Falle von Scblafmittelvergiftungen zeigen, 
dass bei einer Reihe von Fallen wesentliche Giftmengen selbst 
dann ini Magen auftreten konnen, wenn aucli mehrere Stunden 
nach der Einnahme des Giftes verstrichen sind. Dieser Befund 
soUte ohne weiteres eine gute Grundlage fiir die Ausfiihrung der 
Magenspiilung sein, die auch dann ausgefuhrt werden sollte, wenn 
lange Zeit seit der Eingabe des Giftes vergangen ist. 

Bei Zyanidvergiflungen (Tabelle 2) ist der Tod in alien Fallen, 
wo nahere Einzelheiten bekannt waren, nach 1 — 2 Stunden oder 
nach kiirzerer Zeit eingetreten. In den anderen Fallen kann man 
wahrscheinlich annehmen, dass der Tod ebenso schnell eingetreten 
ist. Im Mageninhalt wurden 0.3 bis 21 mg HCN gefunden, d. h, 
kleine Mengen, wenn man bedenkt, dass das Gift meistens in Form 
von wesentlichen Mengen starker Ldsungen von Zyankalium oder 
Zymnnatrium eingenommen warden ist. Die schnelle Resorption 
des im Magen von der Salzsaure freigemachten Zyanwasserstoffs 
erklart wahrscheinlich dieses Verhalten. 

In den meisten Fallen von Nikoiinvergifiung (Tabelle 2), wo die 
Zeit des Eintritts des Todes bekannt war, betrug diese nur ganz 
wenige Minuten und wahrscheinlich war die Zeit in alien lihrigen 
Fallen von gleicher Grdssenordnung. Von den 13 Fallen wurde 
nur in einem Fall (Nr. 398) im Magen weniger als die geringste 
todliche Dosis Nikotin gefunden (zu 25 — ^30 mg geschatz); in der 
Mehrzahl der FaUe wurde wesentlich mehr als eine todliche Dosis 
gefunden, und in 7 von 13 Fallen war mehr als 1 g vorhanden (1.01 
—6.8 g). Die Ursache hierfur ist wohl in der Hauptsache die sehr 
kurze Zeit, die zwischen der Einnahme des Giftes und dem Tode 
vergeht und deshalb wird eine Magenspiilung nur auserst selten 
Bedeutung haben konnen. 
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Die Anzahl der Falle von Vergiftungen mit Easton-Syrup- 
Tabletten ist klein (vgl. Tabelle 3), aber enthalt trotzdem eine 
Reihe von wertvollen Aufschlussen. Die in den Tabletten vor- 
handene Eiseninenge bleibt bei der kurzen Zeit, die zwischen Ein- 
nahme der Tabletten und Eintritt des Todes vergeht, in imvei- 
anderter Menge ini Verdauungskanal, da weder Resorption oder 
Ausscheidung mit den Faces sicli geltend machen kann. 
Man kann dalier die Gesamtmenge der eingenommenen Tabletten 
mit grosser Genauigkeit aus deni Eisengelialt (sielie Spalte 5 und 7 
der Tabelle 3) feststellen und die Verteilung des Eisens zivisclien 
Magen und Darm beini Eintritt des Todes, der in der Regel eine 
Stunde nacli Einnalime der Tabletten crfolgt, bestimmen ^ Aus 
der Tabelle ist ersicbtlicli, dass in 3 von den 4 vollstandig imter- 
sucliten Fallen ivesentlich grdssere Mengen im Darmkanal als im 
Magen gefunden worden sind. Der grossle Toil der eingenommenen 
Tabletten ist also im Laiife von einer Stnnde in den Darm gclangl. 
In einer Reilic von Fallen Avurden aber trotzdem im Magen beiraebt- 
liche Eisenmengen gefunden. Die im Magen gefundenen Stryclinin 
und Chininmengen sind geringer als die auf Grund der Eisenmenge 
berechnete Tablettenanzahl; dies bcdcutet, dass Strychnin und 
Cliinin, die als wasserldsliche Salze vorhanden sind, den Magen 
nocii schneller verlassen als Eisen. Die im Magen gefundenen Gift- 
mengen sind aber so gross, dass von vorneherein eine Magen- 
spulung als indiziert angesehen werden muss. 


3. Die Giftraenge im Spiihvasser der Magenspulung von 
80 Personen mit akuten Vergiftungen, vorwiegend Schlaf- 

mittelvergiftungen . 


M^ie zuvor erwahnt, liegen soweit uns bekannt, koine systemaii- 
schen Untersucliungen uber die Giftmcngcn, die durcb cine Magen- 
spulung entfernt werden konnen, vor. 

Wenn solclie Untersucliungen von Wert sein sollcn, muss man 
verlangen, dass die Spulimg in alien untersuchten Fallen auf gleich- 
artige Weise vorgenomnien wird. Deshalb wurde das ganze vorlic- 
gende Mater ial von der psychiatrischen Abteilung des Bispcbja:-rg 


Grund der allgemelncu Erfahrungen bei Stryclininvcrgiftiingen kann 
Stunda gcZ™; S irmgcr als oiiw 


1 Auf 

mail annehmen 
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Hospitals gesammelt, Avas den grossen Vorleil hat, dass samtlil 
Vergiftungen sofort nacli der Einlieferung in das Hospital vo 
einem Avohlgeiibten und festen Personal behandelt Avurden deil 
wir fiir die Sorgfalt, init der die Arbeit ausgefuhrt Avurde, a’usser- 
ordentlich zu Dank A’^erplichtet sind. Die Aufsammlung der Spfll- 
flussigkeit nacb der ini folgenden angegebenen Methode, sowie die 
Einsammlung der zugehorigen klinischen Daten AvurdJ von dem 
cinen von uns geleitet (Harstad). Die Untersuchung lauft seit 
iibcr 2 Jabren. 


Allgcmeincr Vcrsiichsplan. 

Bci samtliclien Patienten, die mit dem Krankheitsbilde einer 
akutcn Vcrgiftung in der Versucbsperiode in die psychiatrische 
Abtcilung cingelicfert AA'urden, Avurdc sofort cine Magenspiilung 
vorgenonimen. 

Die Spulnng gchl in folgcndcr Wcise vor sich: Der Patient ivird 
in Iiorizontaler Lage auf dem Untersucliungslager angebracht, in 
gcAvisscn Fallen mit herabhangenden Kopf (s. S. 510). Die Spiilung 
erfolgt in der ublichen Art und Weise durcb eine AA'eiche Magen- 
sonde, die mit einem Gunimisclilauch und einem grossen Glas- 
tricliter A’^ersehen Avar, d. li. nach dem Heberprinzip. Zur Spulnng 
dicnte gcAVohnlicbes lauAA^armcs Wasser, und jedesmal Avurde genau 
1 Liter Wasser, insgcsamt 10 Liter Wasser in den Magen gegossen. 
Nach jeder einzelnen Eingiessung Amn 1 Liter, AAmrde die aus dem 
hlagen ausgelaufene Fiussigkeil gesammelt. Die Spiilfliissigkeit 
AA’urde dann in 5 Teile geteilt, deren I\rengeieAA'’eilsgemessenAA'urde. 
Die erste Portion bestand aus dcr FJiissigkeitsmenge, die nach der 
Eingiessung Amn dem ersten Liter aus dem Magen gesammelt A\'urde; 
die zAA'cite Portion enthiclt die Fliissigkeitsmenge, die nach dem 
Eingiessen des zAA’^eiten Liters aus dem Magen geholt Avurde, die 
dritte Portion enthielt A\"as nach dem dritten und vierten Liter 
gesammelt Avurde, die Auerte Portion die Spiilfliissigkeit nach dem 
5. 6. und 7. Liter und die fiinfte Portion die Spiilfliissigkeit Amn 
dem 8. 9. und 10. Liter. Die fiinf Flaschen AAuirden verschlossen 
und im Eisschrank aufbcAAmhrt, bis sie sobald AAue moglich 
zum pharmakologischen Institut geschickt AA'erden konnten, 
AAm die einzelnen Spiilfliissigkeitsportionen jede fur sich analysiert 
AAmrden. 
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Nach beendigter Spulung wurde Kohle und Magnesiumsulfat 
eingegossen und die Patienten sonst wie gewolinlich behandelt. 

Durcli ausfragen der uberlebenden Patienten wurde versucht, so 
weitgehende Aufschliisse wie moglich iiber die Menge des eingenom- 
menen Giftes, sowie iiber den Zeiipunkt der Einnahme zu erhalten. 
SoAveit moglich wurde versucht entsprechende Angaben auch iiber 
die nicht iiberlebenden Patienten zu erhalten. In den meisten 
Fallen, in denen der Tod eintrat, wurde der bei der Sektion erhal- 
tene Magen- und Darminhalt auch untersucht. 


Analgtische Technik. 

Wenn nicht von vorneherein Aufschliisse oder Vermutungen 
vorlagen, dass es sich um fliichtige Gifte handeite, wurde die Unter- 
suchung auf folgende Weise vorgenomnaen; 

Die einzelnen Portionen der Spiilfliissigkeit AA'erden fast bis zur vdlligen 
Trockenheit im Wasserbade eingedanvpft und griindhcb mit absolutem 
Alkohol extraliiert. Nach dem Filtrieren wird der Alkohol im Vakuum 
abdestilliert und der Riickstand in Wasser gelost. Aus dieser Losung 
werden dann die verschiedenen Giftstoffe isoliert. 

Barbitursauren werden durch Schiitteln mit Ather bei saurer Reaktion 
isoliert. Der Ather wird abdestilliert und der eventuel vorhandene Ruck- 
stand durch die von Fleury (1925} angegebene Merkurisulfatfallung ge- 
reinigt. Die auf diese Art isolierten Barbitursauren werden qruantitativ 
durch Wiegen bestimmt und nach ihrem Schmelzpunkt identifiziert. 

Phenacetin wird auf die gleiche Art Avie die Barbitursauren isoliert aber 
durch UmkristEillisation gereinigt und quantitativ durch Wiegen bestimmt. 

Salicylsdure (AcethylsalizyJsaure) Avird auf die gleiche Art Avie die 
Barbitursauren isoliert aber ebenso. wie Phenazetin durch Umkristallisa- 
tion gereinigt. Die erste Eindampfung der Spiilfliissigkeit wird jedoch 
unter Beriicksichtigung der Fliichtigkeit der freien Salizylsauren bei 
basischer Reaktion vorgenommen. Die quantitative Bestimmung erfolgt 
durch Wagung uiid Titration. 

Chinin wird aus der durch Eindampfung, tjberfiihrung auf Alkohol 
etc. erhajtenen Avassrigen Losung, die erst mit Ather bei saurer Reaktion 
geschiittelt Avird, isoliert. Das Chinin Avird dann bei Natron-alkalischer. 
Reaktion mit Ather geschiittelt und quantitativ durch Wiegen und Titra- 
tion bestimmt. 

Die fJiichtigen Gifte werden folgendermassen bestimmt: 

Nitrobenzol Avird durch Destination mit Wasserdampf mit nachfolgen- 
dem Schiitteln des Destillats mit Ather isoliert. Die quantitative Be- 
stimmung erfolgt durch Wiegen des Riickstandes nach der Destination des 
Athers und nach dem Trocknen der Substanz. 

32 — Acta med. scandinav. Vol. CXI I. 
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Tetrachlormethan wird durcli Durchliiftung einer Portion des Sniil 
wassers bestimmt. Der Luftstrom der durdi die FJussigkeit geblasen S' 
wird auf etwa 1000 Grad erwarmt und das hierdurcli freigemaclite Chlor 
durch Absorption in einer Silbernitratlosung von bekannter Starke imd 
nachfolgender Titration der iibriggebliebenen Silbernitratmenge bestimmt. 

Bei Analysen des Magen- und Darminhaltes wird dieser zunachst mehr- 
fach mit warmem Alkohol extrahiert. Die alkoholischen Extrakte werden 
filtriert und der Alkohol im Vakuum abdestilliert. Der Riickstand wird in 
Wasser gelost und die weitere Behandlung ist wie die der Spulflussigkeit. 

Insgesamt wurde Spulflussigkeit von etwa 100 Patienten iinter- 
suclit und so etwa 1000 Liter Spulflussigkeit analysiert. 

Ergebnisse. 

Eine Anzahl Falle der hundert untersuchten Patienten niit 
akuten Vergiftungen konnten bei Bearbeitung des Materials niclit 
beriicksichtigt werden, entweder well sich spater ergab, dass die 
Patienten ein anderes Gift eingenommen batten als dasjenige, 
welches man nachzuweisen versuchte, oder weil spater Zweifel 
auftraten, ob es sich iiberhaupt um eine Vergiftung gehandelt hatte. 
Nach Abzug dieser Falle enthalt das Material Untersuchimgen an 
80 Patienten mit sicher gestellten Vergiftungen, und die verschie- 
denen Vergiftungen sind folgendermassen verteilt: 

Eingenommenes Gift Anzahl 

Barbitursaurederivate 71 

Bromisoval (= Bromural) 1 

Opiumalkaloide 1 

»Kopfschmerzentabletten» 3 

Chinin ^ 

Nitrobenzol ^ 

Tetrachlormethan + etwas Barbitursaure . ^ 

80 

In einem Teil der Barbitursaurefalle waren ausser Barbitur- 
saure andere weniger giftige Stoffe (Phenazetin u. ahnl.) eingenom 
men worden, aber in diesen Fallen wurde die Spulflussigkeit nur 
auf Barbitursauren analysiert. Am haufigsten war eine Barbitur- 
saure eingenommen worden, in einem Teil der Falle Mischung 'on 
mehreren Barbitursauren. Die untersuchten Falle sind in den 
Tabellen 4 und 5 zusammengestellt, wo nur die notwendigsten 
Daten aufgefuhrt sind. 
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Tabelle 4. 

Giftmenge im Spiilwasser von 71 Patienten mit Barbitursaurevergiftung und 
cinem Fall von Bromuralvergiftung (zu unterst in der Tabelle). Im Falle Nr. 
3 hat der Patient vor der Sptllung erbrochen. In dem Erbrochenen land sich 
1.1 g Aethylallylbarbitursanre. 



Eingenom- 

Zcit zwischei 

^ Im Spiil- 
" wasser gefun 
den Gramm 

Zustand d. 


Nr 

mene Bar- 
bitnrsaure 

Gifteinnahm 
nnd Magen- 

Pt. bei 
Magenspii- 

Bemerkungen 


in Gramm 

spulimg 

lung 


1 

? 

1 

Stimde 

0.09 

Bcwnsstlos 

fExitus letalis 

1 

6 

9—10 

)) 

0 

» 

^ (Diemal) 

J Siehe Tabell- 

1 

7.5 

3 

)> 

0.12 

Benommen 

1 uberschrift. 
(Exitus letalis 

4 

4 

10 

» 

0.007 

» 

|(gcmischtc) 

5 

? 

4 

D 

0 

» 

fExiLus letalis 

6 

10 

? 


0 

Bcwnsstlos 

(vcrscliiedcnc 






Barbilur- 







sanren) 

7 

1.3 

1 

»> 

0.07 

» 


8 

1 

3 

» 

0.09 

Benommen 


9 

1.1 

2 Vs 

1 ) 

0 

BewussUos 



6 


0 

0.21 

» 



3 


7 

0 


fExitus letalis 




^(Allypropynal) 


? 


? 

0 

Benommen 

13 

2 

1 % 

)) 

0.13 

BCM’USStloS 


14 

? 

41/2 

1) 

0.003 

» 


15 

1 

2 

1) 

0 

>> 


16 

1.4 

7^2 

» 

0 



17 

1.5 

3 

» 

0 

Benommen 


18 

1 

2 

» 

0 

Bcwnsstlos 


19 

5 

3 1/2 

yt 

0 

» 

• 

20 

7.5 

24 

1) 

0 

)> 


21 

22 

? 

1.8 

15 

)> 

0.003 

}> 

fExitus letalis 
[(Diemal) 

12 

t) 

0 

Benommen 


23 

3.5 

9 


0.002 

Bewusstlos 


24 

2 

? 


0.05 

»> 


25 

3 

C 

» 

0 



26 

1.1 

8 


0.02 

» 


27 

28 

? 

? 

? 

6 


0.03 

0 

0 

• 1 

'’Exitus letalis 
(Diallynal) 

29 

2.2 

3 

» 

» 

t) 
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Tabelle 4 (Fortsetzung). 


Nr. 

Eingenom- 
mene Bar- 
bitursaiire 
in Gramm 

ieit z^vischen 
Silteinnahme 
und Magen- 
spulung 

Im Spiil- 
vasser gefun- 
den Gramm 

Zustand d. 

Pt. bei 
Magcnspii- 
lung 

Bemerkungen 






Exitus letalis 






(Allypropynal 

31 

4 

? 

0.71 

Bewusstlos 

+ Diallynal 






.aa pts 






Exitus letalis 

32 

2 

1 Stunde 

0.09 

» 

^^(Diallynal) 

33 


3 » 

0 

)> 


34 


3 Vi » 

0.003 

Benommen 


35 


1 » 

0.09 

)> 


36 

1.3 

2 .) 

0.07 








Exitus letalis 






(.\llvuropvnal 

37 

5 

2 1/2 ’> 

0.03 

Bewusstlos 

+ Diallynal 






aa pts) 

39 

6 

3 i> 

0.03 

» 


40 

4 

3 » 

0.05 

» 


A1 

? 

? 

0 

Benommen 


43 

6 

8 i> 

0 

Bewusstlos 


44 

2.4 

7 » 

0 

» 


45 

5.2 

• 4 1/2 '> 

0.26 

» 


46 

? 

2 » 

0 

» 


47 

4 

3 » 

0.05 

1) 

1 

48 

1.4 

1 y2 » 

0 

Wach 

1 

49 

1.8 

20 » 

0 

. Bewusstlos 


50 

3.5 

4 )> 

0 

» 


52 

1.3 

1 » 

0 

Wach 

[Exitus letalis 




1.14 

Bewusstlos 

\ (Atylallyl- 

53 

4.5 




[barbitursaure) 






f Exitus letalis 

54 

? 

? 

0 

» 

|(gemischte) 

5b 

1.5 

1 » 

0 

)> 


56 

2.5 

? 

0.11 

» 

jExitus letalis 

57 

? 

40 » 

0 

1) 

i (gemischte). 

58 

2 

1 » 

0.01 

» 


59 

0.8 

2 1/2 » 

0 

Benommen 

f Exitus letalis 

61 

? 

? 

0 

Bewusstlos 

[(Allypropynal) 

62 

1.5 

to 

0.14 

Benommen 
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Tabcllc 4 (Forlsctzung.) 


Nr. 

Eingenom- 
mcne Bar- 
bilursfiure 
in Gramm 

Zeil zwiseben 
Gilteinnahmc 
und Magcn- 
spUlung 

Im SpOl- 
wasscr gefun- 
den Gramm 

Zusland d. 
PI. bei der 
MagenspQ- 
lung 

Bemerkungen 

03 

0.8 

19 Stand e 

0 

Bewusstlos 


04 

2.8 

2 14 » 

0,00 



05 

1 

2 i/j » 

0 

i> 


00 

1.5 

1 » 

0.01 

ft 

|ExiUis lolali.s 

07 

5 

4 » 

0.11 

n 

^(Diallynal) 

08 

2 

» 

0.07 

ft 


09 

? 

1 » 

0.04 

ft 

jE.viliis lelalis 

70 

? 

? 

0.05 

ft 

l^(Anypropynal) 
Exilus lelalis 

71 

? 

7 

0.22 

ft 

. (gemiscble 
Barbilur.s.) 

m 

0,8 

3 » 

0 

0 


74 

2.8 

38 •> 

0 

Benommen 



3.8 

3 » 

0 

ft 



3 

3 0 

0 

ft 



? 

3 *> 

0 

Bcwussllos 


GO 

Bromural 0 g 

? 

0 

Benommen 



In 16 Fallen fulirlc die Vergiflung zum Todc; es hnndelt sich 
in alien Fiillcn uni BarbilursaurcvcrgifLungen. Die i\Iortalilal bei 
dicsen war also hicrnach 23 Prozent. 

In dcr i\Iclirzalil dcr Fiille haudcll cs sich urn sclnvcre odcr zicni- 
lich schwerc VergifLungen, was auch damns ersichllich isL, dass 
53 dcr 71 mit Bavbitursaurc vcrgiflctcn bei Einlicrorung in das 
Hospital bewusstlos und mcisL rcaklionslos waren. In 16 Fallen 
waren die Patienten verwirrl und im Danimerzuslnnd und nur 2, 
die kurz nacli der Einnalime des Giftes cingclicfert worden waren, 
waren wach. 

Bei den an dcr Vergiltung gcslorbencn Patienten, wo in dcr 
Spiilflussigkeit keine Barbitursaurc vorbanden war, wurde die 
Diagnose Barbiiursaurcvcrgiftung dureh Analyse des Darniin- 
haltcs besUitigt. 

Die vorgenomtnenen Anah}$cn zdgm, dass in dcr grossen Mchr- 
<,ahl der hdllc die Spiilflussigkcil cniweder iiberhanpi kein Gift oder 
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Tabelle 5. 


Giftmenge im Spulwasser von 8 Patienten mit verschicdenen akutcn V.r 

giftungen. 


Nr. 

Gifteinnahme 

Zeit zwischen 
Gifteinnahme 
und Magen- 
spulung 

Im Spuhvasser 
gefunden. 
Gramm 

Zustand d. Pt. 
bei d. Magen- 
spulung 

30 

Phenazetin 25 g 
Acetylsalizjds. 25 o 
Codein 1 » 

1 St. 

1.44 g Phenaze- 
tin u. Salizyl- 

saure 

Benommen 

Leicht zyanoliscli 

38 

Opium ? g 

2 St. 

0 

Benommen 

42 

Phenazetin 50 g 

9 

0.08 

Benommen, leicht 
zyanoliscli -und 
blass 

51 

Phenazetin, 

AntipjTin, 

Acetanilid, 

Coffein. ? g 

? 

0 

Bewusstlos, blass, 
zyanolisch. Resp. 
oberflachlich. 

72 

Chininsulfat 10 g 

1 Yi St. 

1.24 

Augen u. Ohren- 
symptome. Wach. 

76 

Nitrobenzol ? g 

<2 St. 

0.27 

Benommen, blass. 
unruhig. 

78 

Tetraklormetan, 

1 "Weinglas — 
Diallynal 0.4 g 

9 St. 

_ 

0 Barbilurs. 

0 Tetrachlor. 

Benommen und 
scblafrig 

80 

Chininsulfat 5 g 

zVi St. 

0.61 

Wach, sclnver- 
horig. 


nur geringe Mengen des Gifies enihalien hat. In 40 von 80 Fallen 
enthielt die Spiilflussigkeit kein Gift. Aus Tabelle 6 ist ersichtlich, 
dass bei 62 Prozent aller Schlafmittelvergiftungen die SpuHlussi^ 
keit v.’eniger als 1 eg und in 86 Prozent veniger als 10 eg d. h. die 
iibliche therapeutisehe Dosis der Scblafmittel, v,'ie Diallynal, oder 
AUj^jropynal enthalt. 

Die z^ischen Gifteinnahme und Magenspulung abgelaufene 
Zeii variierte wesentlich. Die Untersuchung der Beziehung zvi 
schen der naeh Einnahme des Giftes abgelaufenen Zeit in den 
Fallen, -wo der Zeitpunkt der Giflzufuhr mit geniigender Sicherheit 
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Tabelle 6. 

tJbersicht ilber die Menge der in dcr Spttlilussigkeit gefundcnen Schlaimit- 
tel bci 71 Fallen von Schlafmitclvcrgiftung, 


Im SpUlwasscr gefunden 

Anzahl Falle 

0 

38) 

J 

0—0.01 g 

4 

4b - bZ /o| gp 0/^ 

0.01—0.1 g 

17 

== 24 0/J 

0.1— 0.2G g 

8 

= 11 % 

^ 0.5 

2 

- 3 % 

Insgcsanit 

72 

= 100% 


festgestellt werden koimte, und der Gifiincngc in der Spiilflussig- 
kcit ergal), dass mir in 2 Fallen, wo iiber 4 Slunden zwischen Giji- 
einahme und Spuhtng vergangen waren, Gifl in dcr Spiilflussigkcil 
nachgewiesm werden konntc, wenn von Mengen von 1 eg und weniger 
abgcsehen wird. Im Falle Nr. 20 wurde nack 8 Slnnden 0.02 g 
gefunden und ivn Falle Nr. 45 nach 4'^ Siunden 0.26 g. In Fallen, 
wo der Zeitabstand zwischen Gifteinahnic und Spiilung unler 4 
Stunden war, zeigt einc Beliandlung des Zahlenmateriales keine 
Korrelation zwischen dcr Menge des gefundenen Giftes und dein 
Zeitabstand. 

Fall Nr. 10 illustriert wic gcringe einc Bedeulung die Magen- 
spiilung haulig hahen kann. Es handelt sich um einc Palientin, 
die % Stimde nach der Einahmc von 6 g Phenemal in Tablcttenforni 
selbst in das Hospital ging. Bci dcr etwas spiitcr vorgcnominencn 
Magenspiilung wurden nur 21 eg, d. h. ctwa 3 Prozent dcr eingenom- 
nienen Menge gefunden. Dass die helreffende wirlclich einc grosse 
Menge des hetaubenden Mittels cingenommen hat, ist daraus 
ersichtJich, dasssie bei Beginn der Magenspiilung gelrubtcs Bewusst- 
sein battc und wahrend der Spiilung alsbald tief bewusstlos wurdc. 

Die Angaben uber eingenommenc Gifimengcn, miissen natiirlich 
mit grossem VorbcbalL liewerlct werden (Spaltc 2 Tabelle 4 und 5), 
wenn auch durch sorgfaltiges Ausfragen vcrsuclit wurdc, mbglicbst 
genaue Angaben zu erhaltcn. Einc Untersuchung dcr ZablenAverte 
ergibt, dass eine Korrelation zwischen dcr Menge des cingenomme- 
nen Giftes und der in der Spulfliissigkcit gefundenen Giftmcnge 
nicht vorbanden ist. Man kdnnte vielleicbt vcrnuilen, dass in den 
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Fallen, wo die SpiilfJussigkeit kein Gift enthielt, und wo dieein- 
genommene Menge niclit bekannt war, nur geringe Giftmengen 
eingenommen worden seien. Der schwere Vergiftungszustand 
w'elchen die Mehrzahl der Patienten aufwnesen, deutet abcr darauf 
hin, dass recht betrachtliche Dosen eingenommen sein worden 
rniissen. 

Fine Berechnung der in der Spulfliissigkeit gefundenen Gift- 
menge in Prozent der eingenommenen Menge ergibt fur das vor- 
liegende Material, dass in der Mehrzahl der Falle mil der Spiil- 
fliissigkeit nur einige wenige Prozent der eingenommenen Gijlmenge 
enifernt worden sind. 

Nur in 5 Fallen von 80 wurde durch die Spiilung melir als 0.5 g 
entfernt und diese Falle sollen im folgenden naher beschrieben 
werden. 


I. Patient Nr. 31, 62 Jahre alte Prau, hat zu einem unbekannten Zeit- 
punkt vor der Einlieferung etwa 20 ml Hypnotentropfen = elwa 2 g 
Diemal + 2 g Allypropynal eingenommen. Bei der Einliefeiung ist sie 
tief bewusstlos und ohne Reflexe. Die Respiration schnarchend, Puls und 
Gesichtsfarbe gut. Spiilung und Kohleeingabe und Zufuhr von stimulie- 
renden Mitteln wie iiblich. Die Temperatur war einige Tage erlioht, dann 
aber normal. Am dritten Tage reagiert die Patientin etwas auf Ansprechen, 
befand sich dann aber wieder im Dammerzustand. 78 Stunden nacli der 
Einlieferung trat der Tod ein. Sektion: Bronchopneumonia dispers. et 
confluent, duplex. 

In der Spiilfliissigkeit vom Magen 'wurde 0.7061 g Barbitursaure ge- 
funden. Im Mageninhalt, der bei der Sektion erhalten wurde, waren Barbi* 
tursauren nicht nachweisbar, im Darminhalt fanden sich 0.0042 g. 


’*^11. Patient Nr. 53. Mann von 52 Jahren, der mehrere Stunden vor 
der Einlieferung ziemlich viel Alkohol getrunken hatte und etwa 2 Stunden 
vor der Einlieferung in das Hospital etwa 30 Dormintabletten = 4.5 8 
Athylallylbarbitursaure eingenommen hatte. Bei der Einlieferung tief 
be-wusstlos mit schnarchender Atraung. Hauttemperatur niedrig. Rektal- 
temperatur 35.6°. Spiilung, Kohlezufuhr und Stimulantia in iiblicher 
Weise. Reagierte am folgenden Tage etwas auf Ansprechen; dann wieder 
be\vusstIos. 27 Stunden nach Einlieferung Exitus. Sektion: Degeneratio 
parenchym. organorum, Hypostasis pulm.; Oedema cerebri. 

In der Magenspiilfliissigkeit wmrde 1.14 g, und im Darminhalt 0.08 g 
Barbitursaure gefunden. 

III. Patient Nr. 30. Achtzehnjahrige Frau, die 1 Slunde vor der Ein- 
lieferung 100 Codjdtabletten — 25 g Phenazetin + 25 g Acetylsalipdsaure 
+ 1 g Codeinphosphat eingenommen hat. Etwa ^4 Stunde spater ‘f- 
brechen. Bei der Einlieferung ist die Patientin im Dammerzustand un 
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leicht zyanolisch. Spiilung in gewohnliciier Weise mil 10 Liter Wasser. 
Nach beendigler Spiilung wieder Erbrechen, und man bcmerkl in dem 
Erbrocbenen oin Avciss gcfarbles Pulver. Daher wurde Apomorphinbydro- 
chlorid (0.7 eg snbkutan) injiziert, welches weiteres Erbrechen bedingle. 
Das Erbrochene ^\•^lrde bedauerlicher Weise niclit analysiorl. Eingabe 
von carbo medicinalis und ubliche Behandlung. Am folgenden Morgen 
keine Bewusstseinslriibung mchr und in jeder Hinsicht normales Verliallen. 

In der Magcnspiiljliissigkeit wurde insgesaml 1.44 g Plienazelin und 
Acethylsaliz3dsaure gofunden. 

IV. Patient Nr. 72. Nounzelinjahrigc Frau, die elwa 1% Stunde vor 
der Einlieferung 100 Ghininpillcn = 10 g Chininsulfat genommen hatle, 
Bei Einlieferung ist die Patientin verwirrl, klagt iibor Olirensausen und 
Flimmern vor don Augen. iMagcnspulung und Kohleeingiessung wie iiblich. 
Am folgenden Tag noch massigo Symplome von Seilen der Augen und 
Ohren, sonst normales Befinden. 

In der Magcnspiilflussigkcu wirde insgesamt 1.21 g Gliinin gcfimden. 

V. Patient Nr. 80, ncunzehnjrdiriger Mann der 314 Stunde vor der Ein- 
Jieferung 50 Ghininpillcn = 5 g Chininsulfat eingenommen hat. Erbrcclien 
vor und wahrend der Einlieferung. Der Palienl ist nichl bowussllos, hat 
Symplome von Seilen dor Ohren; Magcnspulung wie gewdhnlich. 

In der lilagcnspulfUissigkcit wurde O.Gl g Chinin gefunden. 

Von den angeCuUrten Fallen waren 7,\vci Barbitursaurevergif- 
tungen. Wa.s der Grund dafiir scin kann, class in dicsen beiden 
Fallen so vcrlialLnismassig grossc Mcngcn durch die Spiilung ent- 
fernt mirden, wissen wir niclit. Abcr wenn aucli die clurcli die 
Spiilung herausgeliolten Mcngcn im Vergleich zu den sonst bei der 
Spiilung gefundenen Mcngcn ungcwohnlich gross sind, niachcn sic 
nicht melir als IS bzw. 25 Prozent der eingcnoinincncn Mcnge aus, 
und die Enljcrnung dicser Giflmcnge durch die Magcnspulung hdltc 
nichl den Tod der Palienlcn verhindern hdnncn. 

Bei dem dritten Patient, der 50 g Phenazetin + Acctylsalizyl- 
saure eingenommen hattc, wurde durch die Spiilung l./M g, d. li. 
3 Frozen! des cingenommenen Giftstoffes beseitigt. In dicsem 
Falle muss jedoch beriicksichtigt werden, dass indgliclierwcisc cin 
wesentlicher Teil der cingenommenen Giftmcnge durcli das Er- 
brechen vor der Spiilung entfernt worden war. Audi hier kann der 
Magcnspulung keine Bcdeulung fur den ZusLand des Patienten 
zugeschrieben werden. Im iibrigen sci darauf liingcwicscn, dass in 
zwei andcren Fallen, wo auch Antipja-otika eingenommen worden 
waren, mclits odcr praktiscli nichts in der Spiilflussigkeit vor- 
handen gewesen ist. 
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Bci dem vierten Patienten, der 10 g Chininsulfat eingenommen 
hatte, wurde bei der Spiilung 1.24 g = 12 Prozent der eingenom- 
menen Menge entfernt. Bei dem fiinften Patienten wurden eben- 
falls 12 Prozent einer eingenommenen Chininmenge von 5 g ent- 
fernt. 


Die Yertcilung des Gifics in den vcrschiedenen Teilen der Spulflmsig- 

keii. 

Der Zweck der Analyse der einzelnen Spiilfliissigkeitsportionen 
war zu untersuchen, mit einer wie grossen Fliissigkeitsmenge 
gespiilt werden muss, um zu entfernen was entfernt werden kann. 
Wider Erwarten fanden wir nur in sehr wenigen Fallen iiberhaupt 
nennenswerte Giftmengen in der Spiilflussigkeit, und das Material 
zur Beantwortung dieser Frage ist daher nicht gross. In Tabelle 7 
ist das Material in dieser Hinsicht fiir 5 Falle zusammengestellt, 
in denen durch die Spiilfliissigkeit iiber 0.5 g beseitigt wurde. 


Tabelle 7. 


Vcrteilung des Giftcs in den vcrschiedenen Froktionen der SpQlflGssigkeit 
ncch Eingicssung von jcweils 1, 1, 2, 3 und 3 Litem, 




Durch 

in % der insgesamt durch Spulungl 

Nr, 

Gift 

SpQIung 

entfernten Menge in 








4. 




gramm 

1. Fraktion 

2. 

3. 

0. 

53 

.\etvlallj-lbarbitursaure 

1.14 

52 

14 

17 

11 

6 

31 

Somnifentropfen 


18 

11 

22 

39 

10 

30 

Codvltabletten 


S3 

G 

5 

3 

o 

72 

Chinin 


3 

3 

9 

22 

C3 

SO 

Chinin 


55 

16 

6 

2 

1 

Millelioerl 

48 

10 

12 

15 

17 


Tabelle 7 zeigt, dass in der Spiilflussigkeit nacli Eingiessung 
von 1 Liter (der ersten Portion) im Mittel etwa die Halfte der bei 
der Spiilung mit 10 Litern insgesamt entfernten Giftmenge vor- 
handen ist. Die Ergebnisse variieren jedoch wesentlich in den 
verschiedenen Fallen. Im Falle Nr. 72 (Chinin) wurde nur 3 Pro- 
zent in der ersten Portion der Spiilflussigkeit gefunden, und 63 
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Prozent der gesamten heraufgeliolten Menge war in der funften 
und letzten Portion vorlianden. 

Fiir die Beivertung der AnalysenrcsuUafc ist von Bedeuiung, dass 
es im Dnrchschniit niir gelang etiva 75 Prozenl (im Miliel 7.6 Liter 
der eingegossenen 10 Liter) ivieder hcraiijzuholcn. Die uhrige Menge 
(etwa 2.4 Liter) muss also im Magen-Darmkanal zuruckgeblieben 
sein. Die Messung jeder einzelnen herausgeholten Portion hat 
ergeben, dass der prozentischc Verlust des eingegossenen Wassers 
in alien Portionen durclischnittlich gleicli gross war. 


4, Magenspiilung bei Hunden mit abgebundenem Pylorus. 

Wie im folgenden nalier erortert wird, bestclit die Moglichkeit, 
dass der Transport von nicht imwesenllichcn Gii'tmcngen durch die 
Spiilflussigkeit in den Darm die Ursachc fiir die Beseiligung von 
den nur sehr klcinen Giftmengen durch die Spulfliissigkcit ist. 
Urn die Wirkung eincr Magenspiilung unter den bestmoglichen 
Bedingungen zu untersuchen, wnirden Versuche an zwei Hunden 
mit unterbundenem Pylorus angestcllt. 

Tcchnik: 

Versuclisliere: Hunde. In Cldoroformnai’kose warden die Tiere laparo- 
tomiert und der Pylorus unterbunden. Unmillelbar daraul wurde durch 
cine iMagensonde 100 ml eincr 2 prozenUgen Losung Allypropynal {durch 
eine aequivalente Menge Nali-iumliydroxyd in Losung gebracht) in den 
Magcn eingefuhrt. Fiinf Minuf en spatcr wurde der Magen in der iiblichen 
Weise mit einem Liter Wasser gespult und unmillelbar darauf mit oinem 
weiferen Liter Wasser, welches 5 g carbo mcdicinalis enlhielt. 

Das Tier nairde dann mil Chloroform gclolcl und dor an der Cardia 
unterbundene Magen lierausgenommen. Der Magen wurde dann erdffnet, 
und der Inliall so vollstandig wie mdglich entleert. Mengonbeslimmiingen 
des Allypropynal erfolglen 1. in der iilagcnspuiniissigkoil, 2. in der heraus- 
geholten Kohlcsuspension, 3, in dcin nach dem Todo im Magen vorliandenen 
Mageninliall und 4. im Magen selbsl. Die Analyson warden nach der auf 
Seite 489 ei'Wahnten Methode vorgenommen. 


Ergebnisse: 

Es wurden zwei Versuche angestcllt. In einem Versiich war 

der Magen vor Beginn des Versuches leer, in dem andcren 
gefullt. 
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Tabelle 8, 


VcrsucU _1. Huiid, Gcwicht clwa 20 kg. 2 g Allypropynal ^vurden in 100 ml 
Losung in den Magen eingcllihrl, Dcr Pylorus war abgebunden. Yor dw 
Operation Fllltcrung dcs Hundcs mit Graubrot. 


Spiilung mit 

Bei dcr Magcn- 
ausheberung 
crhaltcne 
FlOssigkcit 

Allypropynal gefunden 

in Gramm 

im Prozent d. 
eingegebene 
Menge 

1000 ml Wasser 

1000 ml Kohlcsuspcnsion 

700 ml 

1150 ml 


m 

Magcninbalt; Gcwicht 300 g 

Magen ; Gewiclit dOO g 

— 

8.4 o/„ 

15.3 

Jnsgesamt 

1,512 

75.7 % 


Tabelle 9. 

Vcrsuch 2. Hund Gcwiclit etwa 10 kg. In don Iccrcn Mayen wurde 2 g jMly- 
propynal in 100 ml Losung eingcltlhrt. Dcr Pylorus war abgebunden. 


Spoiling mit 

Bei dcr Magen- 
ausUeberung 
crbaltcnc 
FlOssigkcit 

Allypropynal gefunden 

in Gramm 

im Prozent d. 
eingegebene 
Menge 

1000 ml Wasser 

1000 ml Kohlcsuspcnsion 

1070 ml 

925 ml 

■1 

59.5 % 

3.6 % 

Magcninbalt; Gewiebt 250 g 

Magen; Gewiebt 235 g 

m 


Insgesamt 

1.607 

80.4 % 


Die Versuche ergeiien, dass durch Spiilung eines am Pylorus 
abgebundenen Magens betrachtliche Mengen der im Magen vor- 
handenen Barbitursaure entfernt werden konnen. In dem ^e^- 
such mit gefulltem Magen wurde mit 1 Liter Wasser etwa 30 Pro- 
zent und mit dem zweiten Liter etwa 22 Prozent, im ganzen 52 
Prozent entfernt. Bei dem Versuch mit zuvor geleertem j\Iagen 
wurde mit dem ersten Liter 60 Prozent und mit dem nachsten 
Liter nur 3 — 4 Prozent, d. h. insgesamt 63 Prozent entfernt. (Auf 
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die Bedeutung der Kohle soli in dieser Arbeit nicbt eingegangen 
werden). Aber selbst unter den gunsligsten Bedingungen (abge- 
bundener Pylorus und leerer Magen), kann die Spulung mit 2 Litern 
nicbt alles Gift entfernen. Mindestens 20 Prozent bleiben im Magen 
zuriick. Es sei bemerkt, dass die Extraktion von Barbitursauren 
besonders vom Organ selbst und von dem Mageninhalt mit Nabrung, 
in geringem Grade aber aucb von der Spiilflussigkcit nicbt mit 
100 prozentiger Ausbcute vorgenomnien werden kann. Die ange- 
gebenen Werte konnen daber nur als wcitgchendc Annaherung an 
die ricbtigen Werle aufgefasst werden. 


5. Magenspiilung mit Rontgenkontrastmittel bei schlaf- 
mittelvergifteten Personen, 

Mit dem Forlscbreiten unscrer Untersucbungen sticg unser 
Misstrauen, dass cin nicbt unwesentlicber I'cil der Spiilflussigkcit 
schncll in den Darmkanal gelangcn kann. Um hierubcr gcnauere 
Aufschliisse zu erbalten, wurden bei drci mit Scblafmitteln ver- 
gifteten Patienten ntassigon Grades Magcnspulungen mit 10 x 1 
Liter Bariumsulfatsuspcnsion unter stctigcr rontgcnologiscbcr 
KontroIIc vorgenommcn. Die Spiilimg crfolgtc sonst ganz wic in 
den ul)rigen Fallen. Wabrend der Spiilung selbst, die gewobnlicb 
15 — ^20 Minuten dauerte, wurden melircre Bildcr aufgenommen, 
sowie ein Bild nach Abschluss der S])ulung. Die auf diese Art 
behandelten Patienten mussten ausgew'ablt werden, da wedcr 
ganz leicht vergiftete Patienten, nocb tief bcwusstlosc und stark 
mitgenommene Patienten fur diese Yersuebe geeignet waren. Ein 
grosseres Material als die erwabnten drei Fa He konntc bishcr nicbt 
besebafft werden. Die Spulung wurdc mit ciner Suspension von 
400 g »Neo-Bar)) in 10 Liter Wasser vorgenommcn und die untcr- 
suebten Fa He seien kurz angefiihrt. 

A. Patient Nr. 87. Frau von 23 Jabren, die 5 — G Stunden xov der Ein- 
lieferung 0.8 g Plienemal genommen hat. Bei der Einliofcrung vcrwirrl 
und im Dammerzustand, kann gcwcckt aber nicbt zuni antworlen ge- 
braclit werden. Wabrend der Spulung wurden drci Rontgcnbilder auf- 
genommen, und nacb Abschluss der Spulung wurde die in Abbikbing 1 
wiedergegebene Rdntgenaufnabmc gemachl. Gberlobl die Yergiftung. 

Die R6ntgenunter.sucbung zeigt einen bei Bcginn und zum Schluss dcr 




Abb. 1. Rontgenbild voin Fallc A, Patient Nr. 87. Patient in liegender 

Stcllung. 


Spiilung elwas atonischen Magen. Nach der Spulung sind grosse Teile 
des Dunndarmes mil Kontrastsloff gefulll, auch der Magen enthalt etwas 
Baryt. 

B. Patient Nr. 88. Frau von 27 Jahren. Hat 38 Stunden vor der 
Einlieferung 2.7 bis 2,8 g All 3 ’propynal genommen und seither geschlafen. 
Bei der Einlieferung und wahrend der Spulung im Dammerzustand, kann 
gerade ihren Namen nennen, aber sonst ohne Kontakt mit der Umwelt. 
Oberlebt die Vergiftung. 

Die Ronigenuntersuchung zeigt, dass Kontrastmittel nach der Spulung 
in grosser Ausstreckung in den Dunndarm gelangt ist. Sclion ganz zu 
Beginn der Spulung sieht man, wie der Darm sich vom Magen her fiillt 
(Abb. 2). Nach Abschluss der Spulung bleibt ein Teil der Spiilfliissigkeit 
im Magen zuriick (Abb. 3). 




Abb. 2. Rontgcnlnld vom Fall B Patient Nr. 88. Autnahnic zn Bcgiim dcr 

Spftlung. Patient liegend. 


G. Patient Nr. 98, Mann von 51 Jahren. Hat cine Rcihc von mveisson 
SchJafmilteltablelteni) genommen. Boi der Einlieferung verwirrl. und im 
Dammerznsland-Allgemeinzustand gnl. 

Die Rontgenuntersuchung zeigl, dass nach Abschluss der Iilagcn.spu- 
iung betrachtliche Mengen des Kontraslmitlels in den Ditnndarmschlingen 
vorhanden sind die den grosslenTcil des Abdomens bedocken. Mdglicher- 
^veise ist ein TeiJ des Konlrastmitlels bis in das Coecum gckommen 
(Abb. 4). 


Die vorgenommenen Untcrsuchungcn zeigen, dass die Spiil- 
flussigkeit bei den untersiicliten Patienten selir sclincll in den Diinn- 
darm dringt. Diesc Beobaclitung deckt sicli voDig mil den tjig- 



504 ELISABETH HARSTAD, KNUD O. MOLLER und MARGRETHE H. SIMESEX. 



lichen Erfahrungen jeder Rontgcnklinik, die 
suchungen des Verdauungskanals nacli Emgabe 
oder ahnlichem beschaftigt. 


6. Lungenmikroskopien. 

Bei Obduktion von an 
Patienten, die mit carbo medicinaHs kehan e wo 

sich eine dentliche Schwarzung der von Professor, 

die durch Kohle bedingt ist. (Mundliche Universitat 

Dr. med. Engelbreth Holm, Pathologisches Institut der ^ 
und von Prosektor, Dr. med. Willy Munck, Gencbtsmedmmscbes 



liBER DEN WERT DER MAGENSPULUNG BEI DER BEIIANDLUKG USW. 505 



Unmitlclbar nncli AbsclUuss clcr Magcn- 
spiSluiio ”ut Kontraslmittel aufgeiionuiicn. Patient in lingcnclcr Slcllimg. 





- .-'in o'o, 

Ada mcd. scandinav. Vol. CXI I 
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Institut der Universitat.) Bei der Sektion von 9 nacheinander 
folgender Fallen von Schlafmittelvergiftung warden Stiicke der 
basalen Lungenabschnitte zur mikroskopischen Untersuchung her- 
ausgenommen. Bei 8 von 9 Patienten fanden sicli frei in den Alveolen 
liegende Kohleteilchen (Abb. 5). Diese Kohlepartikel ^ya^en deul- 
lich von dem in der Stadterlunge normal vorhandenen Kohlen- 
staub zu unterscheiden. Die Spiilung war in diesen Fallen nicht 
besonders scbwierig. 

Man muss annehmen, dass diese in den Alveolen gefundene 
Kohle durcli Aspiration von Mageninhalt in die Lunge gelangt ist, 
da samtlichen Patienten nach beendigter Magenspiilung Kolile 
eingegeben wurde. 


7. Besprechung der Versuchsergebnisse. 

In Anbetracht des grossen Wertes, der gewohnlich auf die 
Magenspiilung bei Bebandlung akuter Vergiftungem gelegt wrd, 
liaben unsere Untersuchungen zu dem iiberrascbenden Ergebnis 
gefiihrt, dass in der iiberwiegenden Mehrzahl der untersuchten 
Falle nur ganz wenige Prozent oder haufig auch garnichts der 
eingenommenen Giftmenge durch Spulung mit 10 Liter Wasser 
entfernt wird. Es besteht wohl kaum Grund anzunehmen, dass die 
Spulung in einem der hier vorliegenden Falle tberapeutiscben 
Wert gehabt hat. 

Da fur die meisten Falle Angaben iiber die eingenomniene 
Giftmenge vorliegen, oder das klinische Bild einer schweren Ver- 
giftung vorhanden war, konnen die in der Spiilfliissigkeit gefunde- 
nen, kleinen Giftmengen nicht mit der Annahme erldart werden, 
dass der Patient nur kleine Giftmengen eingenommen hat. Zur 
Erklarung der vorliegenden Versuchsresultate gibt es mehrere 
Moglichkeiten: 

a) Das Gift hat zum grossten Teil den Magen verlassen bevor 
die Spulung stattgefunden hat. Wenn zwischen Gifteinnahme und 
Spulung langere Zeit vergangen ist, ist es leicht verstandlich, dass 
im Spiilwasser kein Gift gefunden wird. Unsere Untersuchungen 
haben ergeben, dass wenn fiber 4 Stunden vergangen ist bevor 
die Spiilung erfolgt nur ganz ausnahmsweise nennenswerte Gift- 
mengen in der Spfilflfissigkeit vorhanden sind. 
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Aber aucli in solchen Fallen, wo die Spiilung kurz nacli der 
Gifteinnalime vorgenommen wurde, liaben wir bedeutungslose 
Giftmengen in der Spiilflussigkeit gefunden. 

Man konnte es eigentlicli von vorneherein als walirscheinlicb 
betrachten, dass der grosste Teil der eingenommenen Giftstoffe 
den Magen schnell verlasst, da die Giftstoffe, soweit es sicli um 
Selbstmordversuche handelt, fast imnler auf den leeren Magen 
eingenoinmen werden, wie es in den vorliegenden Fallen der Fall 
gewesen ist; (die Spiilflussigkeit ist oline Nahrungsbestandteile 
gewesen), und wie es die sonstigen Erfalirungen der gerichtschemi- 
schen Untersuchungen im pharmakologisclien Institut auch ge- 
zeigt haben. Wie schnell eingenommene Giftstoffe (in Form von 
Tabletten) den Magen verlassen konnen, ist aus -Tabelle 3 klar 
ersichtlich, die zeigt, dass bei im Laufe von einer Stunde an Strycli- 
ninvergiftung gestorbenen Mensclien die grosste Menge einer gleich- 
zeitig mit dem Strychnin eingenommenen Eisenmenge bercits den 
Magen verlassen hat. 

b) Die Spulllussigiccii befdrderl das Gift in den Darm. Durcli 
Messung der hcraufgeholten Menge Spiilflussigkeit ergibt sich 
unmittelbar, dass ein Teil der in den Magen eingefiihrten Spiil- 
fliissigkeit im Verdauungskanal bleibt. Von 10 Litern bleiben im 
Mittel 2.4 Liter zuriick. Es ist imwahrschcinlich, dass eine so 
grosse Menge der Spiilflussigkeit im Magen zuriickgclassen wird, 
und man muss annehmen, dass ein Teil der Spiilflussigkeit direkt 
in den Diinndarm gelangt. Versuche mit Spiilung von mit Schlaf- 
mittelvergifteten Personen mit einer Rontgenkontrastflussigkeit 
haben eindeutig gezeigt, dass wahrend der Spiilung Fliissigkeit in 
den Dunndarm evtl. bis zum Cocum gelangt. In Versuchen mit 
Magenspulung bei Hunden mit abgcbundenem Pylorus, wurde ge- 
funden, dass die Spiilung rccht wirkungsvoll Avar, da durch Spiilung 
mit 1 — 2 Litern 50 — 60 Piozent der im Magen vorhaiidcnen Gift- 
menge entfernt Averden konnte. Wenn wir also bei iinseren Unter- 
suchungen der Spulflussikcii von vcrgiflelen Personen mir so Ideinc 
Mengcn finden, muss dieses bedeulen, dass cnlweder das Gift vor der 
Spiilung den Magen schnell verlassen hal, oder dass das Gift den 
Magen durch den Pylorus mit eincm Teil der Spiilflussigkeit ver- 
lassen hat, Oder aber dass beide Moglichkciten zutreffen. Da die 
Spiilung eine gcAvisse, nicht ganz kurze Zeit beansprucht, konnen 
Tabletten oder scliAver Idsliche Gifte durch die Spulung schnellcr 
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aufgelost und dann schneller resorbiert werden als wenn die Spiilunn 
nicht vorgenommen worden ware (vgl. Starkenstein, Rost und 
Pohl, 1929). Der zuvor erwahnte Fall Nr. 10, wo der Patient wali- 
rend der Spiilung ziemlich plotzlich bewusstlos wurde, konnte 
durch die Annahme einer durch die Spiilung bedingten, beschleu- 
nigten Resorption des Giftstoffes erkliirt werden. 

In unseren Untersuchungen des Mageninhaltes von an Sclilaf- 
mittelvergiftung gestorbenen Personen, bei denen keine Magen- 
spiilung vorgenommen worden war, wurde in einigen Fallen wesent- 
liche Giftmengen im Mageninhaltgefunden, obwohl 10—12 Stunden 
zwischen der Gifteinnahme und dem Eintritt des Todes vergangen 
waren. Diese Resultate stehen in scheinbarem Widerspruch zu 
den Untersuchungen der Spulfliissigkeit, aber der Widersprucli karin 
durch die Annahme erklart werden, dass in einigen unserer Falle, 
wo die Magenspulung vorgenommen wurde, zwar grosse Mengen 
des Giftes im Magen gewesen sind, dass diese aber zum grdsstcn 
Teil durch die Spiilfliissigkeit in den Darm befordert worden sind. 

c) Adsorption des Giftes an die Magenschleimhaut. 

Es besteht die Mdglichkeit, dass gevisse Gifte im Magen so 
kraftig von der Magenschleimhaut adsorbiert werden, dass eine 
Spiilung mit Wasser nicht im Stand e ist die an die Schleimhaut 
adsorbierten Gifte zu entfernen. Diese Moglichkeit besteht bei 
Vergiftungen mit Schwermetallen und wurde fiir Sublimat von 
Dingemanse und Laquer (1925) nachgewiesen. Im letztgenannten 
Falle war es moglich durch eine Spiilung mit Kohlesuspension das 
Sublimat von der Schleimhaut zu entfernen, da die Adsorptions- 
affinitat zwischen Sublimat und Kohle grosser ist als zwischen 
Subhmat und den Schleimhauten. Bei den hier untersuchten 
Giften (und in der Mehrzahl der Vergiftungen uberhaupt) kann 
aber Adsorption an die Schleimhaute nicht von wesentlicher Be- 
deutung sein. 

8. Die Bedeutung der Magenspulung bei akuten Vergif* 
tungen; Vorschlag fiir eine rationelle Beharidlung der 

akuten Vergiftungen. 

Wdhrend ivir glauben durch die vorliegenden Untersuchungen ge- 
zeigt zu habcn, dass die Magenspulung bei Schlafmiiielvergiftungen 
keinen oder nur dusserst geringen iherapeutischen Wert hat, ist unser 
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Vergiftungsmaterial anderer Ari zu klein, dass die gleiche sichere 
Schlussfolgcnmg auch fiir diese Fiille bcrcchiigt ist, obwohl wir der 
Auffassung sind, dass unsere Resultate darauf liindeuten, dass 
die Magenspiilung auch bei der Mehrzahl dieser Falle ohne wesent- 
iiche Bedeutung gewesen ist. 

Wie zuvor erwahnt, besleht in den toxikologischen Hand- 
biichern Einigkeit dariiber, der Magenspulung einen dominierenden 
Platz bei der Behan dlung von akuten Vergiftungen einzuraumen. 
Starkenstein, Rost und Pohl (1929) aussern Zweifel hieriiber and 
nennen die Behandlung mit Kohle an erster Stelle. Auch die Zeit- 
schriftenliteratur ist illier diese Frage nur sehr sparlich. Einzelne 
Untersucher raten bei bewusstlosen Patienten wegen der Gefahr 
einer Aspiration in die Lungen (Helpern, 1939) von der Magen- 
spiilung ganz ab, anderc verlangen dass die Spiilung so vorgenoni- 
men wird, dass Aspiration in die Lungen ganz verhindert wird 
(Marriott, 1933; Fantus, 1934; Volpitto, 1939). Wahrend Volpitto 
(1939) glaubt, dass eine Spiilung vorgenommen werden sollet, 
gleichgiiltig wie lange Zeit vergangen ist, meint Sack (1936) dass 
die Spulung nur dann Bedeutung liat, wenn sie kurze Zeit nach der 
Einnahme des Giftes vorgenommen wird. Eine nahere Bewcis- 
fiilirung fur diese verscliiedenen Anschauungen fehit vollkommen. 

Die Frage der Bedeutung der Magenspulung hdngl im ivesent- 
lichen Grade davon ab, ob die vergifielen Personen bewussilos sind 
Oder nicht. 

Vergiftungen mit Bewussllosigkeit: Wie schon melirfach erwahnt, 
zeigen unsere Untersuchungen dass man nicht erwarten kann durcli 
die Magenspulung, selbst wenn sie kurze Zeit nach Einalime des 
Giftes erfolgt, wesentliche Mengen des Giftes zu entfernen. In 
tjbereinstimmung mit melireren Untersuchern sind wir der Auf- 
fassung, dass die Magenspulung bei bewusstlosen Personen eine 
ernsthafte Gefahr bedeutet (»A stomach wash-out of an unconscious 
patient, whose cough reflex is absent, maybe lethah), Marriott, 1933). 

Die klinische Beobachtung auf der psychiatrischen Abteilung 
des Bispebjerg Hospitals hat folgendes ergeben: In einer Reihe 
von Fallen, hat man den Eindruck, dass die Patienten im Anschluss 
an die Magenspulung einen schlcchtcrcn Zustand zeigten. Wenn 
die Patienten nicht tief bewusstlos sind, haben sic wahrend und 
unmittelbar nach der Spulung wiederholtes Erbrechen. Im An- 
schluss hieran, kann die Respiration unregclmassig warden und die 
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Paticnten werden zyanotisch, als ob Spiilfliissigkeit in die Lungen 
aspiricrt warden ware. Einzelnc Male trat Kollaps auf, sodass 
die Spiilung sclileunigst abgebrochen werden musste. Unmitlelbar 
nacli Eingiessung der Kohlesuspcnsion baben viele Patienten er- 
brocben, und man crhielt den Eindruck dass die langdauernde 
Rcizung der Magenschicimliaut durch die Magenspiilung mit gros- 
scn Wassermcngen die grosse Brcchbereitschaft bedingt hat. Man 
versucblc das Erbrechen mil ciner kleinen Dosis Atropin zu ver- 
liindern, aber obne ErfoJg. Magenspiilung des Patienten mit herab- 
bangendem Kopf (Kdrpcr horizontal) wurde versucht, musste aber 
aiifgcgcben werden, da diesc Stellung in der Regel die Respiration 
verscblecbterte und die Zyanosc verstarkte. 

Spiilung in Trendelcnburgscber Lagerung (Beckenhochlagerung) 
wurde in den bier vorliegenden Fallen niebt angewandt. 

Bekanntlicb ist die Todesursacbe in den meisten Fallen von 
Scblafmittelvcrgiftung Aspirationspneumonie und nur in wenigen 
Ausnabmefiillen eine Liilimung des Vasomotoren- und Atemzent- 
rums. Da alle Patienten mit carbo medicinalis bebandelt waren, 
baben wir in tlbereinstimmung biermit Koble in den Lungen- 
alvcolen gefunden. Wieweit die vorausgegangene, energische 
Magenspiilung durch Rcizung der Magenscbleimbaut und Steige- 
rung der Breebreflexe die Gcfabr ciner Aspiration in die Lungen 
erbobt bat, kann aber niebt entsebieden werden. Als weiteres 
Gefabrenmoment kommt die zuvor erwabnte Bescbleunigung der 
Giftresorption in Bctracbt. 

Wir glauben daber scbliessen zu miissen, dass bei bewusstloscn, 
vergifletcn Patienten die Magenspiilung cine weseniliche Gefalir ohne 
Vorteile bedcutet, und in solchen Fallen muss die Magcnspuliing, 
wenn niclit spezielle Massnahmen vorgenommen werden (s.unten), 
als kontraindiziert angesehen werden. 

In Fallen von Vergiftungen, wo der Patient wacli ist, sind die 
Hustenreflexe eibalten und die Gefalir ciner Aspirationspneumonie 
ist dann nur sehr gering. Die Magenspiilung mit AVasser bictet bei 
solchen Patienten (ebenso wie bei Bewusstloscn) die Gcfahr einer 
Beschleunigung der Giftresorption, entweder dadurcb dass ein Teil 
des Giftes wahrend der Spiilung in den Darm befdrdert wird,- oder 
weil Tabletten und scbwerldslicbe Gifte scbneller in Ldsung gebraebt 
werden. 

Andererseits kann die Magenspiilung zweifellos gelegentlich 
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auch wesentliclie Giftmengen aus clem Magen entfernen. Da die 
Gefahr einei Aspirationspneumonie bei diesen Patienten minimal 
ist, und da man der Gefahr einer beschleunigten Giftresorption 
durch Spiilung mit Kohlesuspension entgegen wirken kann, muss 
einc Magenspiilung mit Kohlensuspension ode^ cine auf andere 
Weisc vorgenommene Leerung dcs Mugens beim wachen Patienten 
als indiziert angesehen werden. 

Fur die Seite der Behandlung akuter Vergiftungen die soweit 
wie mdglicli eine Resorption des eingenommenen Giftes verhin- 
dern will, (vgl. Einleitung S. 478) sei im folgenden ein Vorschlag 
angefiihrt, wobei Vergiftungen mit Sauren, Basen und anderen 
atzenden Stoffen nicht beriicksichtigt werden, 

Beivussllose Patienten: Da man bei Behandlung jedes einzelnen 
Vergiftungsfalles, besonders wenn das Gift auf den vollen Magen 
eingenommen worden ist, immer mit der, wenn auch nur seltenen 
Moglichkeit des Vorhandenseins grosser Giftmengen im Magen 
rechnen muss (vgl. Fall Nr. 3 Tabelle 4), muss man versuchen 
den Magen zu leeren. Spiilung mit Wasser wie es jetzt meist ublich 
ist, ist unserer Auffassung nach nicht indiziert. Wir mochten die 
F.infuhrung einer Magensonde vorschlagen, durch die, durch Aspira- 
tion, eine Leerung des Magens versucht wird. (Zur Aspiration 
scheint die »CIyso-PumpC)) geeignet zu sein; zwischen Gummi- 
ballon und Magensonde, wird eine Flasche zum Auffangen von 
Mageninhalt eingesetzt k Wenn der Magen leer ist, werden ohne 
andere Behandlung carbo medicinalis (10 g KohlepranuZaf oder 
mehr auf 200 — 300 ml Wasser) und Magnesiumsulfat als Abfiihr- 
mittel (15 — 20 g, die dem Wasser zugesetzt werden) eingegossen. 
Die Fliissigkeitsmenge darf nicht zu gross sein, um nicht die Nei- 
gung zum Erbrechen zu steigern. Die Bedeutung der Adsorptions- 
therapie mit Kohle ist seit langem anerkannt und erneut durch 
eine langere Untersuchungsreihe, die spater von ILarrestrup Ander- 
sen aus dem pharmakologischen fnstitut veroffentlicht wird, fest- 
gestellt worden, weswegen hier nicht naher auf diese eingegangen 
wird. 


Wenn bei der Aspiration grosscre Mengen Mageninhalt heraus- 
geholt werden, kann man eventucll den' Magen mit 1 — 2 Litern 
einer Suspe nsion von carbo medicinalis in Wasser (etwa 10 g per 


^Mageninhalt solltc immer filr 
suchung aufgchobcn werden. 


cine event uellc, Fpfitcrc dicmisclicUntcr- 
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Liter) spiilen. Der Kohleziisatz bedingt, dass ein mogHcherweise 
im Magen vorliandenes Gift sofort von der Kohle gebunden virdi; 
sollte es dann in den Darm transportiert werden, wird die Resorp- 
tion des Giftes jedcnfalls verzogert. Die Spiilung wird mit der 
zuvor erwahnten Eingicssung von Kohle und Magnesiunisulfat 
beendet. 

Bc.i dem bewiisstlosen Padenien soUtc unserer Auffassnng nach 
die Spiihing niir anf einem Uniersuchiingslisch vorgenommen werden, 
wo der Palicni mil gcscnklem Oberkorpev angebrachl werden kann 
(Trcndclcnbiirgschc Lagenmg) evil, imler Anwendung irgend einer 
Sauganordnung im Rachen des Palicnlen, von der Art der von Zahn- 
drzlen znm Aufsaugen von Speichel beniilzlen Anordnung. Hier- 
durch wird die Gefahr dcr Aspiration von Spiilfliissigkeit in die 
Lungen wesentlich lierabgesetzt. Ebensolche Forderung fiir die 
Ausfuhrung der Spiilungcn wurden auch von Marriott (1933) und 
von Fantus (1934) gcstellt. 

Nichl bewiissllose Palienlen: Auch beim waclien Patienten soli 
so schnell wie moglich versucht werden, den Magen durch Aspira- 
tion zu iceren, evtl, mit folgendcr Anwendung einer Magenspiilung, 
wie sic im vorhergehenden bcschriebcn worden ist. Bei diesen 
Patienten, dcren Hustcnreflex erhaltcn ist, kann eine Spiilung in 
der ubiichen Art und Weisc vorgenommen werden. Bei vergifteten 
nichl bewussllosen Patienten sollte unserer Meinung nach in Er- 
wagung gezogen 'werden, ob die subkulane Injeklion von Apo- 
morpliin zur Hervorrufiing von Erbrechen nichl wieder als Hilfs- 
millel bei dcr Behandlung beniilzl werden soil. Der im Augenblick 
fur Brechmittel tibliche Kommentar, dass )>Brcchmittel den Magen 
weniger vollkommen leeren als eine Spiilung es tuei) (vgl. fast alle 
Hand- und Lehrbiicher), muss wahrscheinlich revidiert werden. 
Entsprechende Untersuchungen, wie die vorliegenden, iiber die 
Wirkung und Anwendung von Brechmitteln, sind ausserst 
wiinschenswert. 

Obwohl es ausserhalb unseres eigentlichen Themas liegt, seien 
einige Bemerkungen iiber die Nachbehandlung narkotischer Vei- 
giftungen hinzugefiigt. Diese muss soweit moglich verhindern, 
dass Mageninhalt in die Lungen gelangen kann. Es sei daher auf 
einige Vorkehrungen hingewiesen, die soweit uns bekannt hier- 

Starke Sauren und Basen und einzelne andere, von Kohle nicht 
adsorbierten Giften werden in diesem Zusammenhang nicht berilcksichtigt. 
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zulande nicht allgemein benutzt werden, deren Wiclitigkeit von 
Fantus (1934) und Volpitto (1939) hervorgehoben wird, und die 
auch uns von wesentlicher Bedcutung zu sein scheincn. Das Fuss- 
cnde des Bcilcs des Patienten soil erhehlich gehoben werden (eiwa 
20 Grad); wenn notwendig, werden die Fiisse des Patienten am 
Fussende des Bettes befestigt. Der Kopf wird auf die Seite gelegt 
und wenn Erbrechen oder starke Speichelsekretion vorhanden ist 
ein standiges Aussaugen von Miind und Eachen mil einem ))Speichel- 
saugen yorgenommen. Eine dauernde tlljerwachung des Patienten 
ist erforderlich, um die Luftwegc (evLl. durch Aussaugen) frei zu 
halten und um haufig den Patienten im Bett zu wenden. 

Zusammenfassung . 

1. Bei 55 an akuten Schlafniittelvergiftung gestorbenen Patien- 
ten, bei denen keine Magenspiilung vorgcnonimcn worden war, 
wurde die im Magen vorliandene Giftmenge l)cstimmt. In der 
Melirzahl der Fa lie finden sick nur seiir geringe Mengen des Giftes 
im Magen. 

2. Bei 80 PaLienten mit sichcr diagnostizierten, akuten Vergif- 
tungen, die durch Spiilung des Magens mit 10 Liter Wasscr l)ehan- 
delt worden sind, enthalt die Spulflussigkeit in der gvossen Melir- 
zahl der Falle nur einige wenige Prozent der eingenommenen Gill- 
menge. In keinem der beobaclitetcn Falle konnte der Magenspiilung 
ein therapeutischer Wert zugcschriebcn werden. 

3. Bei Spiilung von Magen mit abgebundeneni Pylorus (Hunde- 
versuche) kdnnen mit 1 — 2 Liter Fliissigkcit ctwa 50 — 60 Prozent 
der im Magen vorhandenen Giftmenge entfernt rverden. 

4. Von 10 Litern eingegossener Spulflussigkeit werden im 
Mittel nur 7.6 Liter wieder gewonnen; die iibrige Menge wird in 
den Darm befdrdert. 

5. Bei Magenspiilung schlafmillelvcrgiftctcr Personen mit 
einer Rdntgenkontrast gebenden Fliissigkcit ergibt die direkte 
Beobachtung, dass wjihrend der Spiilung selbst Fliissigkcit in den 
Diinndarm, evtl. bis zum Coecum herabdriingt. 

6. Es wird angenommen, dass das Auftreten von nur sehr 
kleinen Giftmcngen in der Magenspiilflussigkeit zum Tcil darauf 
beruht, dass das eingenommene Gift sehr schncll in den Darm 
befdrdert wird, und zum Teil dadurch bedingt wird, dass die im 
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]\Iagen vorhandene Giftmenge in melir oder weniger grossem Um- 
fange zusammen mit der Spiiiriussigkeit in den Darm transportiert 
wird.' Die Adsorption von Gift an die Magensdileimhaut ist nur 
I)ei Vergiftungen mit Scinvermetallen und einzelnen anderen Stoffen 
von Bedeutung. 

7. In Vorschlagen fiir die Behandlung von akuten Vergiftungen 
wird liervorgehoben, dass Magenspuiung bei bewusstlosen Patienten 
grosse Gefaliren enthalt oiine Vorteile zu bieten. Die Magenspuiung 
soUte im allgemeinen durch die Magenleerung durcb Aspiration 
ersetzt wcrden. Sofern eine Magenspuiung erwiinscht ist, soUte 
diese mit einer Suspension von carbo medicinalis in Wasser und 
bocbstens 1 — 2 Liter FJiissigkeit vorgenommen werden, 

Bei niclit bewusstlosen Patienten sollte Apomorphin als Brech- 
miltel nioglicherweise anstatt Magenspuiung gebraucht werden. 
Gcnauere Erfahrungen liieriiber fehlen doch. 


Literatur. 

Buchner, I. A.: Toxikologic, Zweite Auflage, Is'urnberg, 1827. S. 46. 
— Dingemanse, E. & Laquer, E.; Biochem. Zs., 1925: IGO: 407. — EwaJd, 
C. A.: Berlin, klin. Wchschr., 1875: 12 : 3. — Fantus, B.: J. A. M. A., 
1934: 103: 749. — Fleur}', P.: J. Pharm. chim., 1925: serie 2, 8: 465. — 
Garrod: Schmidt Jalirbiicher, 1858: JOO; 293. — Grafe, E.; Journal der 
Chirurgie und Augenheilkunde, 182G: S; 166. — Helpern, M.; J. A. M. A., 
1939; 113 : 493. — Hodgen; St. Louis Med, a. Surg. J., 1870: 7 ; 321. — 
Jiirgensen, Th.: Dtsch. Arch. f. klin. Med. 1870: 7; 239. Robert, R.. 
Compendium d. praktischen Toxikologic. Stullgart 1887. Kussmaul, A.. 
Dtsch. Arch. f. klin. Med., 1869: C; 455. — Leube, W. 0.: Die Magen- 
sonde. Erlangen, 1879. — Lewin, L.: Berlin, klin. Wchschr,, 1895: 32: 
513. ~ Marriott, H. L.: Lancet, 1933: 224.- 962. — Oser, L.: Wiener 
Klinik, 1875: 1: 224. — Oser; Rcal-Encyclopadie der gesamten Heilkunde, 
Wien 1887, Bd. 12, S. 465. — Otto, E.; Haandbog i Toxikologien. Koben- 
havn, 1838. — Ploss: Dtsch. Klin., 1870: S. 69. — Popper, L.: IGinik 
und Therapie akuter Vergiftungen. Leipzig 1933; S. 24. — • Rosenthal, L.. 
Berlin, klin. Wchschr., 1870; 7: 287. — Sack, G.: Dtsch. med. Ws., 1936: 
62: 2082. — Sommerville: Amer. Medical Recorder, 1823, Juli lOtb (ci . 
nach Leube, S. 53). — Starkenstein, E., Rost, E. & Pohl, J.: Toxikologie. 
Berlin, 1929; S. 24. — Touery (ca. 1830): (Cit. nach Daunic & Seycheron. 
Ccngres Franfais de Med. sixieme session. Toulouse, 1902. Volpitto, 
P. P.; Anesthesia a. Analgesia, 1939: 18 : 205 . — Wiechowski, W.: Fortschr. 
d. Med., 1910; 28: 400 und Miinchner med. Wchschr., 1915; 62: 103. 



Acta Medica Scandinavica. Vol. CXII, fasc. V, 1942. 

From the Nerve Clinic of Serafimerlasareltet, Stockholm. Head: Professor 

Nils Antoni. 


A Contribution to the knowledge of the 
Prognosis of Epilepsy. 


By 

LENNART KIRSTEIN. 


(Submitted tor publication August 31, 1942). 


In general, the conception that epilepsy has a predominantly 
bad prognosis undoubtedly prevails among laics as well as among 
doctors. This view was shared by several earlier authors, as, for 
instance, Esquirol (11), Delasiauve (11) and Gcorget (11), who were 
exceedingly pessimistic as regards the chances of recovery. How- 
ever, in the middle of the 19th century a turning-point set in. 
Trousseau (6) was able to produce 20 cases out of 150 who were 
restored to health. Furthermore, Herpin (6) revealed 20 healed cases 
out of 48. Towards the end of the century, well-known authors in 
the field of epileptic research, such as Gowers (4), Ferd (3) and 
Binswanger (2), were of the opinion that epilepsy was curable. 
Thus, according to Fere, the prognosis assumes a serious nature in 
proportion to the frequency of the attacks, the number of stigmata 
of degeneracy, and the degree of the hereditary affliction of the 
diseased person. , Moreover, Ferci believed that, in the majoritj^ of 
cases, children recovered from epilepsy. The possibility of such a 
cure also with regard to adults he attributed to their )>succcssful 
power of resisting the epileptogenic influence of the irritant to which 
they had been exposed)). He had himself observed four cases of 
healing without treatment in individuals who had been taken ill 
after the age of forty years. 
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During the present century, several investigations have been per- 
formed concerning the prognosis of epilepsy. An illumination, to 
some degree, of this subject has also been the purpose of the pre- 
sent work. 

In 1901, Habermaas (6) published an after-examination of 937 
epileptics, 863 of whom liad been nursed at an institution and 74 of 
whom had been subjected to policlinical treatment. Cases that had 
been free from epileptic manifestations for a period of five years 
were regarded by him as healed. He found tliat 10.3 per cent disclos- 
ed liealed epilepsy with maintained ability to work. In 0.6 per cent 
epilepsy was cured but the patients were not able to work owing to 
dementia. 21 per cent of the total number of patients were quite 
fit for -svork, 30 per cent suffered from decreased -working abilitj^ 
while 49 per cent were unable to work. As a rule, Habermaas consi- 
dered those cases most favourable where no direct cause was 
ascertainable, where spasms had not occurred in infancy, where, in 
addition, no opathological changes of the brain)> could be determined, 
and, finally, where the patient concerned did not show any signs of 
dementia or merely insignificant ones, 

Volland (11) was able to to get hold of 138 patients out of 245 
who had been discharged as »hea]ed» from an epileptic institution. 
The surprisingly high figure of S3 of the cases, viz, 60.1 percent, were 
still free from attacks after a period of observation of 6—20 years. 

At an after-examination of 111 policlinically treated patients, 
Stern (10) found that 24.3 per cent had been relieved of seizures for 
ten years. However, Stern does not wish to define these cases as 
)>healed». Instead, he prefers to describe them as »mild cases». He 
emphasizes, no doubt justifiably, the fact that only mild and 
benign cases are met with at an after-examination. — 38./ per cent 
of the patients had died. 14.4 per cent of the rest still suffered from 
epilepsy or had only been free from attacks for two years. 22.o per 
cent received care at a mental hospital. 

In 1927, Irene Guttman (5) performed an investigation of all the 
epileptics under Kraepelin’s observation at the Munich clinic, during 
the years 1904 — 1922. She was in a position to obtain information 
regarding 279 surviving males and 157 females, i. e. 436 patients in 
all. It was found that 59.9 per cent of the males and 59.2 per cent 
of the females, or, in sum, 59.6 per cent, were fit for work. 42 
patients, viz. 9.6 per cent, included among those fit for work, were 
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defined as completely »sound». Since the year 1904, 39.3 per cent of 
the males and 38.7 per cent of the females had died. In a compari- 
son between the death causes, it was seen that epilepsy was fatal, 

particularly often in younger age groups. 

Owing to the varying nature of the materials, a comparison be- 
tween the figures of the different statistics would hardly be of any 
value. In one of his tables, Habcrmaas distinguishes between 
))cortical)> and )>typical» epilepsy. Otherwise, however, he gives no 
particulars regarding the composition of the material. Volland in- 
cludes, inter alia, traumata and encephalitis, among the etiological 
factors. In nearly all »healed» cases, .Stern discovered some cause 
for the first seizure and, partly, also for the following ones. In these 
cases, toxic, infectious and traumatic factors were decisive. 

The significance of hercdiiij with regard to the prognosis of epi- 
lepsy has been subjected to much discussion. According to Gowers, 
heredity might he expected to exert an unfavourable influence on 
the prognosis. Nevertheless, he had a strong impression that 
heredity often played a part in cases where treatment had a remark- 
able effect. On the other hand, as mentioned above, Fere took a 
more pessimistic view of the matter. Habcrmaas did not consider 
that ^hereditary affliction» exerted the unfavourable influence that 
was almost )>generally ascribed to it)>. 37.4 ± 5.3 per cent of the 
healed epileptics were hereditarily afflicted in Volland’s material. 
The difference, viz. G2.6 ± 5.3 per cent, between the other healed 
cases and the abovementioned group is statistically significant (the 
figures are calculated by the author of the present paper). HoTve- 
ver, Volland docs not give an explanation of what he means by »he.re- 
ditary affliction)). As staled above, among Stern’s patients, exogen- 
ous factors were decisive as regards the »healcd cases)), while the 
hereditary factor was of great importance concerning tlic snot 
healed)) ones. In approximately GO per cent of the last-mentioned 
cases, epilepsy was ascertained in the genealogical tree or in the 
siblings. Moreover, epilepsy occurred in the children, a fact, 

however, which also took place among the »hcalcd)) cases. Hoff- 

man (/) is of the opinion that, if »hercditary degeneration)) exists to 
a fair degree of certainty, »hcrcditary regeneration)) must, also, be 
possible. In support of this contention regarding epileps}'', he draws 
attention to the genealogical tree, published by Obcrholzer (8), 
which ))gives a striking picture of the gradual decrease of the pal ho- 
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logical symptoms)). Oberholzer studied an epileptic family through 
four generations and found »regeneration» in the latter generations 
»Regeneration» was apparent, partly through the appearance of 
spontaneous healing and, partly, through the replacement of con- 
vulsive attacks by mild forms of epilepsy (i. e. vertigo and fainting 
fits). — Redlich (9) was the originator of the term oligoepilepsy, serv- 
ing as a definition of cases subjected to isolated fits, or sometimes 
only one. He lays stress on one particular group among the oligo- 
epileptics, viz, relatives of epileptics, a father or mother or siblings, 
who have related that they themselves suffered from isolated epi- 
leptic attacks, in their childhood or in their youth, which have not 
returned later. However, Redlich considers it as only Dpartially 
accurate)) to describe hereditary affliction as favourable. — In 
Sweden, Antoni (1) has stressed the occurrence of spontaneously 
healed epilepsy in two generations, without destruction of perso- 
nality, and with maintained fitness for work and sociabilit 3 ^ 

The present investigations. 

The material of the present investigation comprises patients 
with the diagnosis ))Epilepsia)) subjected to treatment at the Nerye 
Clinic of Serafimerlasarettet, during the years 1931—1938. Forms 
were sent to these patients with the following requests: that they 
give an account of their epileptic symptoms, before and after 
their detention at the Nerve Clinic, their medicine, their present 
occupation, whether they had been continually fit for work after 
their stay at the Clinic and, finally, the possible existence of rela- 
tives suffering from epilepsy^ 174 of the answers obtained, i. e. 
approximately 40 per cent of the dispatched forms, were suitable 
for analysis. 

18 of the 174 patients stated that cranial trauma with uncon- 
sciousness had preceded the epileptic manifestations. In 17 cases, 
the interval between the trauma and the epileptic manifestations 
varied between that of a few months and thirty ymars. In 1 case 
the patient had an attack on the same day that she was exposed 
to a cranial trauma. After that she was not subjected to fits for five 
ymars, when she again suffered a relapse. — Epilepsy appeared in 4 
patients in connection with an infectious disease, i. e. 2 cases with 
Spanish influenza, 1 case during morbiUi and another one together 
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with an acute encephalitis. In one instance the disease made its 
appearance ten years after parotitic encephalitis. One patient 
had an attack while lying ill with »albuminuria)> (Nephritis ?), 
However, the next attack did not turn up until after nine years. — 
In the remaining 150 cases, no etiological factor whatsoever existed. 
Nevertheless, the statement that trauma or infection was the cause 
of epilepsy cannot be made with certainty in any of the above- 
mentioned 24 cases. 

5 patients revealed unilateral facialis paresis. One was a prey 
to paresis since birth. Another had a »distorted face)) for many 
years and two patients had suffered from acute encephalitis (Ence- 
phalography: in 3 cases the encephalograms were normal, in 1 case 
the lateral ventricles were dilated, and in another one the ventri- 
cular system was not filled up.) — 4 patients disclosed spastic hemi- 
paresis. (Encephalography; the encephalogram was normal in 1 
case, in another patient one of the lateral ventricles was dilated, and 
in yet another one septum pellucidum had deviated and one of the 
lateral ventricles was dilated. The ventricular sj'stcm of one patient 
was not filled up.) — Finally, Babinsld was positive on one side in 1 
patient. (Encephalography; the ventricular system was not filled 
up.) — Othen\4sc, no definite pathological-neurological symptoms 
occurred in the material. 

In 69 of the 174 cases encephalography had cither not been per- 
formed, or the ventricular system was not at all, or only partially, 
filled up. The encephalograms of the other 105 patients revealed the 
following facts: in 42 cases dilatation of one or both lateral ven- 
tricles, or an abundance of air on tlie convexity, or dilated sulci, in 
II cases deviation of septum pellucidum, in 4 cases a deformation of 
the ventricular system, in 1 case dislocation of this system, and in 
another instance calcification at the apex of one. of the anterior 
cornua. Finally, in 56 cases the encephalograms were normal. 


Tabic I. 


1 

1 

Males 

Females 

Non-hcredi- 
tary cases 

Mcrcdilarj' 

cases 

1 

Total 

78 1 

70 j 
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1)0 

SI 

Total [ 

148 
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174 
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Table III. 


Males 

Females 

Cases free from 
attacks for 3 years 
+ cases now sub- 
jected to attacks. 

Free from attacks 
for 3 years and 
more. 

G9 = 7G.7±'1.5 % 

G7 = 79.8 ±4.4 % 

21 =23.3 ±4. 5 % 

17 = 20.2±4.4 % 

Total 

13G=:7S.2±3.1 % 

38 = 21. 8±3.1 % 


The composition of ilie material witli regard to sox distribution 
and heredity will lie seen in Table 1. In the hereditary case, epilepsy 
was noticed in the father, or the motlier, or the siblings, or the 
children, or the siblings of the parents, or the siblings of the grand- 
parents. Furthermore, the disease was also recorded in the cousins, 
or in the cousins of parents, or the cousins of grandparents. To my 
knowledge the epilepsy of the relatives was not of a symptomatic 
nature. In the non-hcreditaiy cases, cither no definite data regard- 
ing heredity were presented, or the answer in the form was »No case 
heard of in the family)). 

As regards medicine, several patients have constantly taken the 
prescription administered at the Nerve Clinic, others have acquired 
new prescriptions from another doctor, and some have not taken 
any medicine at all, if free from attacks for some time. Many 
confessed to occasional carelessness in taking their medicine. 

78.4 i 3.4 per cent of the non-hcrcdilary cases were still sub- 
ject to seizures or enjoyed relief for less than three years, the cor- 
responding figure for hereditary cases being 76.9 ± 8.3 per cent. 
The figure for the entire material in this group equals 78.2 ± 3.1 
per cent. 21.6 i 3.4 per cent of the non-hcreditary cases and 
23.1 i 8.3 per cent of the hereditary ones were free from attacks for 


Tabic IV. 


Males 

Females 

Altogether fit 
for work. 

. 

Not quite fit 
for work. 

Considerable de- 
crease in ability 
to work. 

Deaths. 


19 = 21.1 ±4.3% 
19 = 22.G±4.G % 

19=21.1 ±4.3 % 
10 = 11.9±3.5 % 

BinQH 

Total 

104 = 59.8±3.7% 

38 = 21.8±3.1 % 

29 = 1G.7±2,8 % 

3 = 1.7±0.9o/, 


34 — Acta Med. Scandinav. Vol. CXIl. 
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Table V. 


Hereditary cases 
Non-hereditary 
cases. 

Cases free from . 
attacks for 3 years, 
and more Avilli full 
ability to Avorlc. 

Cases free from 
attacks for 3 yeai's. and 
more but not altogether 
fit for work. 

6=23.1 4; 8.3 % 

28 = 18.9 ±3.2 % 

0 

4=2.7±1.3% 

Total 

3J = ]9.5±3 % 

4=2.3±1.1 % 


lliree years or more, i. e. altogether 21.8 ±3.1 per cent. There is no 
difference as regards sex. 

Patients reporting that they had heed compelled to absent them- 
selves from work certain days have been included in the group »Not 
quite fit for work)>. In addition to those who had not been able 
to work at all, persons admitted to an epileptic institution have 
been referred to the grouj) ))Not fit for work». — 60.8 ± 4,0 per cent 
of the non-hereditary cases were quite able to work, and, correspond- 
ing!)', .53.9 ± 9.8 per cent of the hereditar)' ones, i. e. comprising in 
all 59.8 ± 3.7 per cent. No statistical difference is ascertainable 
between hereditary and non-hcreditary cases, or between men and 
women. 4 patients out of 38, viz. 2.3 ± 1.1 per cent, who had been 
free from attaeks for three years or more, declared that they were 
not entirely fit for work. 

Three of 174 patients had died. The death cause was not set 
down. In addition, six patients who were not included in the mate- 
rial, owing to incompletely filled in or blank forms, had died. 

With regard to three patients, who had been questioned, epi- 
lepsy was found, after some time, to be due to a cerebral tumour. 
These cases were not included in the statistical calculations. 

Six patients, four of whom underwent seizures at the time of 
the investigation, mentioned that some relative of theirs had been 
the victim of epilepsy of a transient nature. 

The present matrial is, of course, too restricted and the time of 

observation too brief to permit an accurate judgement of the number 

of epileptics remaining free from attacks and utterly fit for work. 
The fits may reappear, as BinsAvanger and Redlich have pointed out, 
after a very long interval. Other figures might, perhaps, liaA'C been 
obtained, if ansAvers had been receiA'ed from all the patients inter- 
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rogated. It is, possible, naturally, that an increased dose of medicine, 
or an exchange, or addition of another medicine might lead to 
complete relief in the case of many epileptics who aic, at piesent, 
suffering from attacks. Then, as a matter of course, the number of 
those fit for work would he greater. However, the fact may be em- 
phasized that the percentage figures of those altogether fit for 
work reveal relatively big conformity as between the different year 
groups (cp. Table II). Moreover, the figure of the total material 
of the same category, viz, .50.8 ± 3.7 per cent, conforms with that 
of Irene Guttman, viz, 59.6 per cent. 

Summary. 

After a survey of previous investigations of the prognosis of 
cpileps3% the present author has submitted the results obtained at 
an after-e.xamination of 17d patients, with the diagnosis »Epilcpsia», 
subjected to treatment at the Nerve Clinic of Scrafimcrlasaretlct, 
during the years 1031 — 1038, — 21,8 ± 3.1 per cent were found 
to have been free from attacks for 3 years or more, 78.2 i 3.1 per 
cent being free from attacks for less than 3 years. Patients comple- 
tely fit for work comprised 50.8 ± 3.7 per cent, those not altogether 
fit for work equalling 21.8 3.1 per cent. 'Fhc ability to work was 

stated to have been considerably decreased in 16.7 ± 2.8 per cent of 
the cases. Finally, 1.7 ± 0.9 jier cent of the patients had died. — No 
statistical difference was ascertainable between the hei'cditary 
and the non-hereditary cases as regards relief from attacks and the 
degree of fitness for work. 
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Contribution to Our Knowledge of the Patho- 
genesis of Unilateral Exophtalmus. 

Experiments with Blocking of the Stellate Ganglion. 

By 

JACK ADAMS-RAY and SVEN-GCSTA SJOBERG. 
(Submitted for publication September 1], 1942.) 


ExopliLalmus can arise: a) from llic ])al] of the eye being pressed 
forward passively by a process restricting tlic orbital space (in- 
flammatory tissue; edema; tumour); b) by the ball being carried for- 
ward by contraction of non-striated musculature in the orbit; or 
c) by the combined action of these factors. The two latter possibili- 
ties have been greatly discussed, especially in connection with the 
genesis of exophtalmus in thyreotoxicosis, where one is easily tempt- 
ed- to assume the action of such a muscular contraction, brought 
about by a sympathetic factor. The problem, we think, has not yet 
been solved, however. 

In certain cases, exophtalmus, as a symptom, may give rise to 
differential diagnostical difficulties, especially if it be unilateral. 
Such cases of unilateral exophtalmus are frequently difficult to 
explain, the possibility of the presence of a tumour being a factor 
which gives rise to uneasiness. 

Starting from the fact that blocking of the stellate ganglion 
occasions enophtalmus (as one phenomenon in Horner’s symptom- 
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complex), we have assumed that a blocking of the stellate ganglion 
on the same side as the exophtalmiis might possibly cause the said 
symptom to diminish, if its origin is to be sought for in an irritation 
of the sympathetic nerves. As, from a theoretical point of view, 
such an irritation can hardly exist if a tumour is the cause of the 
exophtalmiis, our experiments, from the very beginning, have 
aimed at attempting to contribute to differential diagnosis in cases 
of unilateral exophtalmus; i, e,, to elucidate whether their cause 
may be sympathicotonic, or tumoric. 

Our material consists of. three cases from the Medical Clinic of the 
Caroline Hospital, Stockholm. 

Case 1: A woman, 30 years old, who got her left-sided exophtalmus 
eight months after operation for Graves’ disease, after whicli it had con- 
tinued for five months. She still displays some thyreotoxic symptoms 
(nervosity; perspirations). 

Status: exophtalmiis loft (1 mm difference from tlio right eye); the 
upper eyelid retracted about 3 mm on gazing straight forward. — Skull 
and orbital X-ray negative. Relative metabolism: -f 18 %. 

9. 2. 1942: Blocking of the left stellate ganglion (aI.-J?.) with 10 cm^ 1 % 
clocain. After about 15 minutes, the diameter of the left pupil is 1 mm less 
than that of the right. No difference as regards the lircadth of the rima 
oculi, nor in the exophtalmus (Dr. Olof Olson, Oplitalmological Clinic, 
Caroline Hospital). 

11.2.42: Renewed blocking of the left stellate ganglion {A. — 7?.)" gives 
exactly tlic same result (again examined liy Dr. Olson). 

The patient, later on, was attended to at the Neuro-Surgical Clinic 
of the Serafimer Hospital, without any further diagnostical results.. 

Case 2: A woman, 58 years old. In 1937, struck the right elbow. Since 
1938, varjdng, reddened infiltration in lower part of right arm, attended by 
aching. Since the autumn of 1041, patient has grown somewhat thinner, 
perspired, lost hair, has felt nervous and uneasy. Rima oculi of right eye 
has gradually grown wider. 

Status: Right-sided exophtalmus 3 to 4 mm in protiusion; slight enlarge- 
ment of thyroid; lumbar puncture and skull X-ray negative; relative meta- 
bolism -1-24 %, 20 %, + 19 %, -f 3 % (dimini.shing values during 

treatment with bromide and barbiturics), 

21.2.1942: Blocking of the right stellate ganglion (yj. — ^7f.) with about 4 
cm®l% etocain; there is at once obtained miosis (about 1 mm pupil diffe- 
rence, but no ptosis nor diminished exophtalmus) (Hanstrom, Opht. Clinic). 
In the evening, the arm ached more than usual. 

Case 3: Man, 28 years of age who, in the autumn of 1938, had struck his 
head, and since had had headache in the right temple, which increased 
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during last year. From Aug. 1941, increasing riglitsided cxoplilalriiiis. 
Latterly, somewhat more nervous. Perspirations. 

Status: Right-sided exophtalmus (and a slight ]eft-,sided one, too) 
Protrusion difference about 3 mm (Olson). Moderate goitre. Lp’ skull 
X-ray and neurological examination negative. Relative metabolism- a. 
IS %, -f 14 %. ■ ' 

6. 3. 42: Blocking af the right stellate ganglion [A. — R.), with about 5 
cm® 1% etocain; there is obtained evident miosis, but no reliable effect on 
exophtalmus (Olson). 

The patient was afterwards transferred to the Neurological Clinic of the 
Serafimer Ho.spital, where no further positive finds were made. 


Discussion of the cases: All three cases have had unilateral 
exophtalmus for about half a year. In none has the investigation 
given any support for tumour-diagnosis, hut, on the other hand, a 
number of symptoms speaking against it. At the same time, the 
increased relative metabolism has pointed to the possibility of a 
slight thyreotoxicosis. Special interest is attached to Case 1, where 
tlie exoplitalmus developed after operation for Graves’ disease (cf. 
Jensen: Norcl. Med. -1939: III, p. 2466; postoperative exophtalmus 
of hypophyseogenetical origin?) Clinically, consequently, there is 
nothing to contradict the assumption that this slight thyreotoxico- 
sis might be the cause of the unilateral exophtalmus. 

In spite of this, the blocking of the stellate ganglion led to no 
diminished protrusion of the eye-ball (but to clearly evident miosis), 
although, theoretically, it might have been expected. Judging by 
the cases spoken of above, blocking of the stellate ganglion is prob- 
ably valueless as a differential-diagnostical method in cases of 
exophtalmus. One may suppose that this negative result arises, a) 
because the theory of the excitation of the sympaticus, with atten- 
dant contraction of the non-striated musculature of the orbit, as the 
cause of exophtalmus, is erroneous — for we know that exophtal- 
mus in Graves’ disease does not disappear on sympathectomy, 
and, in The Lancet, 1939: 237, p. 1217, there is described by Brain 
a case of exophtalmus in Graves’ disease in spite of sympathetic 
paresis of many years’ duration; — or, b) that it is due to the condi- 
tion in the orbit’s being all too inveterate to allow of treatment 
(cf. all the operated cases of Graves’ disease, where the exophtalmus 
disappears only slowly, or not at all). 



CONTIIIBUTION TO OUIl KNOAVLKDGE OF THE PATHOGENESIS ETC. 527 

Summary. 


The authors liave carried out blocking of the stellate ganglion in 
three cases of unilateral exoplilalmus, probably of thyreotoxic ori- 
gin, hoping thereby to contribute to the differential diagnosis, by 
distinguishing such exophtalmus from the exophtalmus caused by 
tumour. 

The experiments proved negative: the exophtalmus did not 
diminish. 

There is a sliort theoretical discussion of the cause of this nega- 
tive result. 
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The Electrocardiogram in Anterior Wall 

Infarction/ 

Further Studies on the QRS Changes in Precordial Leads. 


By 

VAGN MORTENSEN. 
(SnbmlUcd for publication August 7, 19-12). 


In recent years our electrocardiographic luiotvledge of cardiac 
infarction has increased considerably through the employment of 
precordial leads. The typical changes in the extremity leads were 
established already a decade ago, and no essentially new facts have 
been added since, except for the entirely negative finding that the 
changes observed in cardiac infarction on employment of the 
extremity leads are quite uncharacteristic far more frequently 
than assumed before. This applies both to the acute infarction and 
to the fibrous infarction, but particularly to the latter. In the 
present paper, therefore, I shall limit myself to the question: V^mt 
does the introduction of precordial leads mean to the electrocardio- 
graphic diagnosis of cardiac infarction? 

In posterior wall infarction the extremity leads will most often 
show characteristic changes, while the precordial leads merely 
show changes in RS-T in the acute stage and are of no particular 
diagnostic value. 

In anterior wall infarction, on the other hand, the changes in the 
extremity leads will often be slight and uncharacteristic, especially 
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in the subacute and- chronic cases. Here the precordial leads sho^v 
some very characteristic changes and are of great diagnostic im- 
■ portange. 

In order to get an idea of how often the extremity leads fail 
diagnostically, I have analyzed the. material of anterior wall infarc- 
tion in which the localization and extent of the infarct was demon- 
strated on autopsy (Table 1). 


Table 1. 

Electrocardiographic Findings in 19 Cases of Anterior Wall Infarction examined 

. post mortem. 


Specific changes in 

Extremity leads 

Precordial leads 

QRS 

5 (26 %) 

11 (58 %) 

-f- 5 (-1-26%) 

RS-T and/or T 

8 (42 %) 

14 (74 %) 

QRS and/or RS-T rr.d T. . 

8 (42 %) 

16 (84 %) 


The material comprises 19 cases of anterior wall infarction, 
recent and fibrous, examined post mortem. From Table I it vdll 
be noticed that in more than one-half of the cases the extremity 
leads show'^ed no specific changes — by W'hich we mean: a large Qj, 
small together with large Sg and Sg (Winternitz’ Type I), nega- 
tivity of the main deflection of the QRS complex in all 3 leads 
(Winternitz’ Type II), elevation of RS-Tj and depression of RS-Tg, 
besides tj^ical negative coronary Tj. With precordial leads the 
specific changes were found far more frequently, namely: elevation 
of RS-T both in a parasternal derivation and an apical or typical 
negative coronary T in one or both precordial leads and an abnor- 
mal, initially negative, deflection in the QRS complex. In 5 addi- 
tional cases the precordial leads showed suspect but not quite 
characteristic changes in QRS. Even though this material is not 
very large, it still conveys a strong impression of the insufficiency of 
the extremity leads in anterior wall infarction. Some examples 
are showm in Figs. 1, 2 and 4. 

A (Fig. 1) shows an electrocardiogram taken 5 days after an acute 
attack of cardiac disease. There are elevation of RS-T in Leads II and III 
and a completely negative QRS complex in both of these leads changes 
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Fig. 1. Above, a norn;al, prccordial electrocardiogram in CF^ and IVF. 
A, B, C and D show tracings from 4 cases of anterior wall infarction. No sign of 
this lesion seen in the extremity leads; tj^iical changes in the precordial leads. 
In all the tracings, 1 cm = 1 mV. (The distance between two horizontal lines 

is 0.5 cm.) 


which, according to Durant, often signify tlie same as Q 2 and a large Q 3 . 
The findings in the extremity leads are therefore suggestive of acute pos- 
terior wall infarction, and there is no evidence of anterior wall infarction 
in these leads. The precordial leads show changes typical of anterior wall 
infarction, namely: elevation of RS-T and completely negative, notched 
QRS complex in both precordial leads. So in this case the precordial leads 
indicated the presence of an acute anterior wall infarction, and this dia- 
gnosis was verified on autopsy. 

B shows an electrocardiogram from another case, taken 10 days after 
an acute attack of cardiac disease. The precordial leads show unspecific 
changes or perhaps a suggestion of posterior wall changes, whereas the 
precordial leads show very, pronounced anterior wall changes. Autopsy 
revealed anterior wall infarction. • 
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C shows the record of a man who was admitted in an unconscious state 
"with hemiplegia. The extremity leads show merely a flat Ti, but other- 
wise no abnormality. The precordial leads show very typical signs of ante- 
rior wall infarction. Autopsy revealed a fibrous anterior wall infarct 
(besides cerebral hemorrhage). 

D shows a record taken a few hours after an acute attack of cardiac 
disease in a man. The extremit}’^ leads present the changes typical of pos- 
terior wall infarction. Both precordial leads show an almost completely 
negative QRS complex indicating anterior wall infarction. Autopsy re- 
vealed anterior wall -f posterior wall infarction. In this case the precordial 
leads are a little atypical, showing a small initial positive wave. According to 
my experiences, this variation is most frequent just in the cases where the 
anterior wall infarction is combined with the presence of another infarct. 



i 


Fig. 2. E: Tracing from a patient with an anteriOT wall 

standing. F: Tracing from a patient with hypertensive cardia 


Finally I shall present a case that illustrates verj" plainly e 

extremity leads easily may fail in anterior '^"all infarction p^ig. 

E shows an electrocardiogram of a patient tsith anterior "na 
infarction taken 8 months after onset; F shows an electrocardm- 
gram of a patient with hypertensive cardiac disease vat ou in 
farction. The records obtained with derivation from the extremities 
in the two cases are practically alike and show the common type o 
left-sided preponderance with negative Tj and positive T3. s 
anterior wall infarction in the later stages gives a negative coro- 
nary Ti and a positive coronary T3, which subsequently loses a 
its specific stamp, we vdll very often in chronic anterior wall in 
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farction obtain a tracing of the tj'pc here presented — the more so 
as typical QRS changes, as shown in Table 1, are found only in about 
one-fourth of the cases. It is quite impossible on such extremity 
electrocardiograms to make the differential diagnosis betv/een 
fibrous anterior wall infarction and hypertensive heart lesion. On 
the other hand, it is easy to make the differential diagnosis on 
employment of precordial leads, which in anterior wall infarction 
give an elevated RS-T followed by an inverted T (in both precordial 
leads), besides typical QRS changes, whereas in cases of marked 
left-sided preponderance we find a diminished initial R wave in 
CFo, an increased R wave in IVF (in this case also a small normal Q 
wave), besides isolated inversion of T in IVF. The present instance 
shows distinct changes in RS-T and T in precordial lends (Fig. 2, E), 
but these changes arc transitory — likcthcRS-T and T changesin the 
extremity leads, and hence we cannot reckon with their presence at 
a later stage of the lesion. Tlic QRS changes, on the other hand, are 
stable and will often be the only specific changes in fibrous anterior 
wall infarction. I therefore look upon them asparlicularly imporlant, 
and I have made them the subject of furtlicr investigation. 

According to the previous view, the typical QRS changes in the 
precordial leads, irrcspeclive of the derivation employed, consist 
in a diminution or, more frequently, complete disappearance of the 
R wave so that in the classical infarction curve the QRS complex 
is completely negative (such a curve is seen, for instance, in Fig. 3, 
J, Lead CFo). On analysis of the tracings obtained with Leads CFo 
and IVF in 23 cases of anterior wall infarction I found the classical 
infarction curve to be present only in some of the cases. Other cases 
showed a different type of QRS complexes with a more or less 
preserved R wave preceded by an abnormal Q wave so that the 
QRS complex was notched, in some cases W-formed (as seen, for in- 
stance, in Fig. 3. J, Lead CF^). As in other cases of infarction I 
found transitions between these two types, I had to subscribe to 
the view presented by Wilson and collaborators on the basis of ani- 
mal experiments: tliat the typical QRS changes could not bo cha- 
racterized by the fact that the R wave disappears, but that it is the 
matter of a coincidence of two factors, namc]\% the appearance of 
a Q wave and the diminution, increasing to complete disappearance, 
of theR wave; the classical infarction curve is seen only in the. special 
instance where the diminution of R is complete. The feature common 
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to all the infarction curves is the abnormal Q wave; which then T,. 

of the characteristic abnormality. This view 

«ft!^ extension of the classical criteria, and 

^ter these extended criteria we shall be able to diagnose consider^ 

-ably more cases of cardiac infarction than after the classical 
ception. 


con- 


On further investigation the structure of the QRS changes was 
found to become considerably clearer when a series of precordial 
denvations are employed, instead of limiting them to CF^ and IVF. 

^^2 CFa GF4 »CF4 Vj» CFg CF. 




Fig, 3 . G shows a series of normal precordial electrocardiograms, 

H, I, J and K shows the corresponding precordial tracings in 4 cases of anterior 

wall infarction. 
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Fig, 3 presents some electrocardiograms taken in this manner. 
G shows a series of normal precordial tracings in Leads CFa, CFg 
(midway between CFo and the medioclavicular line), CF 4 (mediocla- 
vicular line), »CF 4 i/j)> (midway between CF 4 and CFg), CFg (anterior 
axillary line) and CFg (medioaxillary line). H, I, J and K show tra- 
cings taken -Rith the same, derivations from 4 patients with anterior 
wall infarction. It will be noticed how the QRS complex changes 
quite gradually as the electrode is moved laterally. The most pro- 
nounced changes are found in CFo, and they decrease laterally, being 
quite inconspicuous or absent in the axilla. The connection between 
the classical and the split curves is plain, and so is the development of 
the R wave from notching of the classical curves. The changes are 
not equally pronounced in all cases. In some cases typical infarc- 
tion curves are found in derivations even so far out to the side as 
from the anterior axillary line; in other cases they arc not encoun- 
tered laterally to the midclavicular line. I have seen other cases in 
which the tracings sliowcd a normal QRS complex even in CF 4 , 

These scries show that there is no fundamental difference 
between the classical and the split or W^-formed curves. Both arc 
equally characteristic of anterior wall infarction. The scries further 
prove that the new view of QRS changes is correct. In all 4 cases 
we find within a more or less limited area of the prccordium the 
appearance of an abnormal, initially negative, deflection and a 
more or less pronounced diminution of the R wave. In particular, 
the last case (K) illustrates very plainly that it would be rather 
artificial to characterize the QRS changes by absence of the R wave. 

The new conception of the QRS changes is of great practical 
value. Often the classical infarction curve is found only in the 
medial precordial leads, and then its diagnostic significance is uncer- 
tain because a marked preponderance of the left part gives dimi- 
nution of the R wave or — though relatively seldom — complete 
absence of the R wave in the same derivations. So when we find a 
totally negative QRS complex in CFg, we have to make sure that 
it is an infarction curv^e and not a preponderance curve by the 
demonstration of an abnormally large Q wave in a more lateral 
precordial lead, preferably in IVF.i 


^ Tile Q waves are considered abnormally larf^c when in CF, and IVF 

md'.w urMiSlTR St? */. 
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Naturally,, .then;' the question suggests itself: Might it not be i 
sufficiQut merely to employ Lead IVF — as has been suggested 
by the American and British Committee of Standardization? Yes 
undoubt^edly this would be sufficient in many cases. But, the QRS 
changes, disappear rapidly on moving the electrode laterally to IVF 
and in some instances they are absent already in IVF, so that they 
would padily escape detection in some cases if only IVF was em- 
ployed, The safest procedure is, therefore, to take the electrocardio- 
grams both in CFg and IVK These leads are suficient in most 
cases, but it may be necessary sometimes also to employ the inter- 
mediate precordial leads. 

In conclusion, I shall cite some cases that illustrate the employ- 
ment of precordial leads after these principles in practice. 

I II III CF, IVF 



Fig. 4. Electrocardiograms from 5 cases of anterior wall infarction. The 
extremity leads show only doubtful signs of anterior wall infarction or none at 
all. The precordial leads show pronounced signs of this affection. 
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In Fig. 4, L shows an electrocardiogram taken 4 ihbnths after an attack 
of acute coronary occlusion. There is no sign of anterior wall infarction in 
the extremity leads. In CFo the QRS complex is completely negative, 
with a little notching. IVF shows that here we are dealing with ii|farction 
curves, as is also indicated by RS-T and T in the precordial leads. 

M shows tracings from a patient with pulmonary tuberculosis, but 
without any severe cardiac complaints in the anamnesis. The changes in 
the extremity leads may be due to hypertrophy of the left ventricle and 
do not allow of a diagnosis of infarction. In CF 2 we see a completely nega- 
tive QRS that may be due to anterior wall infai’ction or marked hyper- 
trophy of the left ventricle. In IVF tlie abnormally largo Q wave shows 
that here we meet ivith an instance of anterior wall infarction, as is also 
indicated by the T waves in the prccordial leads. 

N shows an electrocardiogram from a man 4 years after a typical attack 
of coronai'y occlusion with verj' typical anterior wall changes in the extre- 
mity leads. Now there are no definite signs of anterior wall infarction in 
the extremity leads, but unquestionable signs of such a lesion in the pre- 
cordial leads. (Discussion quite as in Case M.) 

0 shows an electrocardiogram of a patient 4 weeks after a typical attack 
of coronary occlusion. No specific changes in RS-T and T in the extroniity 
leads but presence of Qo and a large Q 3 , indicating posterior wall infarction. 
Both precordial leads show an almost completely negative QRS complex 
with slight notch, very typical of anterior wall infarction. Anterior H- 
posterior wall infarction? 

P shows an electrocardiogram from a patient taken 4 months after 
an acute attack of cardiac disease, accompanied by RS-T and T changes 
in the extremity leads typical of anterior wall infarction. Now the electro- 
cardiograms show Wilson block, but no sign of anterior wall infarction in 
the extremity leads. Both precordial leads show abnormally large Q 
waves that can be due only to anterior wmll infarction (besides inversion of 
the T wave in both precordial leads). 


In this paper I liave described only the typical electrocardio- 
graphic changes seen on employment of precordial leads in anterior 
wall infarction. In many cases of cardiac infarction tlie changes 
will de^date somewhat from the typical, but these cases do not 
detract from the great value of the prccordial leads. A large clinical 
material will include so many cases in which the location of the 
infarct is atypical and cases of multiple infarcts that it w'oivld he 
quite unreasonable to expect that the electrocardiograms would 
follow an established scheme. 

The introduction of prccordial leads means that now we are able 
to diagnose many more instances of cardiac infarction than pro- 
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viously — in particular, it is possible now to diagnose also the rela- 
tively mild cases and to diagnose them long after the acute attack. 

. Through this, our conception of cardiac infarction has been 
altered considerably. Previously the lesion was taken to be rela- 
tively rare and very serious; now we know that it is very frequent 
and that its prognosis is better than assumed previously. Thus, a 
survival of 10 — 15 years is not infrequent. 


Summary. 

On the basis .of an autopsy material, the writer shows that the 
extremity leads fail in more than one-half of the cases of clear-cut 
anterior wall infarction, and that the accuracy of the diagnosis im- 
proves considerably on additional employment of precordial leads. 

Through further studies on the QRS changes in precordial leads 
in anterior wall infarction, the view of their structure as presented 
in'a preceding paper is confirmed. Accordingly the greater impor- 
tance is to be attached to the presence of an abnormal Q wave and, 
to a lesser extent, to a decrease in, or absence of, the R wave. 
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Aggregations of cases of acute meningo- 
encephalomyelitis of unknown genesis. 

By 

HARALD SANDSTROM. 

(Submitted for pvtblication August 7, 1942). 


During the last 20 years interest in the imon-pnrulent inflam- 
matory conditions!) in the central nervous system has increased 
considerabl}^ and tlie literature in that field is extremely comprehen- 
sive and covers practically all countries. ^Yhilc in America research 
work has been mainly concentrated on certain morbhl cond’lions 
of known etiologies, in a number of European countries aggrega- 
tions of cases of meningo-cncephalomyclitis of unknown geneses 
have been described. Interest in these questions was aroused 
chiefly by Wallgren’s description of such cases in Gothenburg in 
1922 — 24. In Sweden during recent years aggregations of similar 
cases have been described by Ljungstrom from the Halsingborg 
district in 1930 — 31, by Bcxclius from Gotland in 1935 — 36, and 
by iMdllerfrom Solleftca in 1939. The disease has also been described 
by several other authors, but not in connection with any direct 
aggregation of cases. From Germany, Holland, Spain, England, 
Hungary, Turkey arid the Scandinavian countries similar morbid 
conditions of unknown geneses appearing more or less epedcmically 
have been described. In the following discussion, inflammatory 
conditions in the central nervous system appearing simultaneously 
with, or in connection with, any known epidemic infection disease, 
such as scarlatina, measles, mumps, etc. are. left entirely out of 
account. 
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Whether acute meningo-encephalomyelitis cases of unknown 
genesis really have increased in number during the last few decades 
it is difficult to decide, but it appears that the majority of authors 
consider that such is the case. The question wall be dealt with more 
in detail in connection with the discussion on the relation to polio- 
myelitis. 

i\Iany attempts have been made to arrive at a clear and compre- 
hensive classification of the inflammatory conditions in the central 
nervous sj^stem. In the majority of cases it is impossible strictly 
to distinguish meningitis cases from encephalitis and myelitis 
cases respectively. More or less pronounced symptoms from either 
the meninges, brain or spinal marrow, or possibly from two or 
three quarters at the same time, are met with in the majority of 
the )>epidemics)) which have been described. 

Eckstein made the following classification in 1929: 

1. Epidemic meningitis (encephalitis epidemica lethargica 
Economo). 

2. Chronic encephalitis (post encephalitic condition). 

3. Encephalitis epidemic of other genesis 

a) acute encephalitis (Striimpels) 

b) Australian X-encephalitis 

c) St. Louis-encephalitis 

d) Bern-encephalitis 

e) Japanese B-encephalitis. 

4. Sporadic encephalitis. 

5. Para- and post-infectious encephalitis. 

6. Postvaccinal encephalitis. 

In American quarters several attempts at classification have 
been made. L. T. Webster distinguishes no less than 9 different 
forms of encephalitis with knoA\m etiologies: 1. Rabies-enc. 2. Polio- 
myelitis. 3. St. Louis-enc. 4. Japanese B-enc. 5. )>Louping ill». 

' 6. Australian X-enc. 7. »Equin» encephalomyelitis. 8. .Lympho- 
cytic choriomeningitis. 9. B. encephalitis. All these forms are 
transferable to animals. In this connection he mentions also herpes- 
encephalitis and Economo’s encephalitis, but he points out at the 
same time that their etiology is not fully elucidated. 

J. A. Tooraey has made the following classification, which he 
himself does not claim to be exhaustive, but w'hich is surveyable. 
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A. Encephalites secondary to or simultaneous with acute 
infections. 

1. Morbilli, scarlatina, pertussis, parotitis, the, lues etc. 

2. Hemorrhagic encephalitis. 

B. Encephalites secondary to the consumption or injection 
of alcohol, arsenic, etc. 

C. Encephalites associated with poisoning. 

D. Encephalites, toxic neuropathia, encephalopathia not due 
to known infection diseases. Other synonyms: diffuse meningo- 
encephalomyelitis of unknown genesis, multiple neuritis, toxic 
neuronitis, dissociated encephalitis, aseptic meningitis, benignant 
lymphocytic meningitis. Possibly acute multiple sclerosis also 
belongs here. 

E. Encephalites associated with disturbances in metabolism, 
e. g, uraemia, etc. 

F. Encepiialites associated with increased pressure in the brain, 
as in pachymeningitis, extradural abscess, fractures, etc. 

G. Encephalites in connection with serum or vaccine treatments. 

H. Encephalites caused by specific virus. 

I. Diseases which simulate encephalitis, such as neurosis, pur- 
lent meningitis, acute chorea and vascular lesions in the brain. 

This attempt at classification according to etiological principles 
is naturally imperfect, not least as regards the group »diffuse 
meningo-encephalitcs of unknown genesis», i. c. the morbid con- 
ditions, which will be dealt witli below. In Sweden we liave been 
content on the whole to distinguish between encephalitis resulting 
from or concomitant with infectious diseases, and encephalitis 
with an entirely unknown genesis. 

Discussion on the subject of the genuine meningo-cncephalo- 
.myelites (below abbreviated to nicn.cnc.mycl.) has mainly concerned 
itself with the identity with, connection with, or differential dia- 
gnosis from poliomyelitis (pol.mycl), opinions differing considerably. 
Apart from the purely scientific interest, tlie question is of great 
importance both from purely practical nursing points of view, and 
also from the point of view of treatment. Eckstein and Schneider 
consider that it is a question of a meningeal form of enccplialitis 
epidemica, but for the majority of other authors the problem has 
been whether they are dealing with a disease sui generis or an 
abortive or meningeal form of pol-mycl. In the discussion a con- 
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fusing number of arguments and counter-arguments have been 
advanced, and sometimes the conclusions appear to be drawn 
more from a so-called general impression, or from a tendency 
noticeable even from tiie beginning of the discussion, to stress 
certain details at the expense of others, which perhaps do not 
fit in so well with the author’s conclusions, than from purely 
scientific considerations. That the question is difficult of solution 
is also sliovm by the fact that in a number of cases the same author 
has changed his opinion from one year to another. 

Here in Sweden, Wallgren, Antoni etc. appear at the present 
time to adopt the point of view that it is a matter of abortive 
forms of pol. myel., altiiough Wallgren will not deny that there 
are cases of aseptic meningitis sui generis, possibly appearing 
edipemically. With the support of epidemiological factors, Rolf 
Bergman considers that the cases of serous meningitis which appear 
epidemically are abortive pol. myel. cases. Moller discusses the 
differential diagnosis exhaustively and considers that in the cases 
he has described it is chiefly a matter of disseminated encephalo- 
myelitis cases appearing epidemically, which resemble pol, myel, 
especially in view of the simultaneous occurrence of paresis and 
meningitis symptoms. He also discusses the possibility of simul- 
taneous infection with both pol. myel. virus and men. enc. myel. 
virus. 

In the German literature -opinions are widely divergent. In 
1936 Silbermann and Zappert discussed the diff. diagnosis 
thoroughly, without arriving at any definite conclusion )>menin- 
gitis serosa aseptica is a clinical form of expression for different 
noxae affecting the nervous systems. In an earlier paper, however, 
Zappert had considered spontaneous enc. myel. to be an atypical 
pol. myel. In 1936 Assman and Vougt found nothing in cases of 
men. serosa appearing epidemically to argue in favour of pol. 
myel. from the epidemiological point of view, but speak of a 
disease sui generis. In 1937 Siegl described an epidemic at a day 
nursery in Vienna where, almost simultaneously, 7 children fell 
ill, 3 with typical pol. myel. and 4 with meningitis without paresis. 
He is of th opinion that the independent cases of serous meningitis 
occurring epidemically possibly have an independent etiology, 
/While epidemics of pol. myel. appearing simultaneously argue in 
favour of the diagnosis aparalytic pol. myel. The occurrence of 
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apar.alytic aseptic meningitis cases caused by the poliomyelitis 
virus may be due to the character of the epidemic. In this connec- 
tion he quotes Wieland of Basle, who considers tliat these meningitis 
forms are most usual in association with severe epidemics of polio- 
myelitis. The author also mentions that in 1932, during a pol. 
myel. epidemic, Uffenheim observed a iimeningo-radicular form» 
resembling the aseptic pol. myel. not only as a prodromal stage 
to the paresis stage, but also as an independent disease. During 
an epidemic of meningitis serosa in 1936 Stender found no connec- 
tion witli pol. myel. He opposes, as for the rest do many other 
authors, the designation )>aseptic», as its appearance in epidemics 
speaks against it. Molndr (1935) considered that only the course 
can determine the differential diagnosis, Kuhimann (1941) con- 
sidered the difficulty to be that the aseptic meningitis is not a 
disease sui generis but may Iiave many causes. 

Like many other American authors, Viets and Watts (1934) 
leave the question of , the etiology open, but consider that the spon- 
taneous men. enc. myel. are not abortive pol. mj^el. 

From Denmark Lassen (1939) described a number of cases of 
primary serous meningitis and considers that they have tlie same 
etiology as pol, myel. Finally Gcsell (1937) speaks of- abortive, or 
rather meningeal, pol. myelitis cases and considers that 50 % of 
all pol. myel. run as meningeal forms. 

This short survey of the research work of recent years by.no 
means claims to be complete but only endeavours to give an idea 
of how opinions differ, and of liow mucli still remains to bo investig- 
ated. 

A number of autliors (among them Eckstepi) arc inclined, as 
has been pointed out previously, to see a certain connection between 
encephalitis Icthargica and the aseptic men, one. myel., or even to 
regard them as identical, but in our cases at least the symptom 
picture and the course are so different that it is difficult to conceive 
of any identity. Nor is there any reason why, in genuine encepha- 
litis, the pathological process might not on some occasion also 
affect the, grey substance of the midbrain. The diff. diagnosis 
from tbc-meningitis may then give rise to greater difficulty, and 
in the doubtful cases the course will be decisive. 

It is improbable that men. enc. myel. should have any causal 
connection with the post-vaccinal encephalitis, inkr alia, because 
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in SO few cases has the simultaneous occurrence of men. enc. myel 
and post-vaccinal nerv^e complications been observed. In the paper 
by Silbermann and Zappert referred to above, it is mentioned, 
however, that within a limited area 4 children fell ill at the same 
time, one with meningo-encephalitis symptoms (the father had 
had herpes zoster immediately before), one with serous aseptic 
meningitis and two with post-vaccinal disease in the central nervous 
system, one of them in the typical post-vaccinal encephalitis. 
Mdller has also obsenmd in Angermanland the occurrence of post- 
infectious and genuine encephalitis concomitantly with post 
vaccinal nerve complications, but he ascribes this to special geo- 
graphical and epidemiological conditions. Grdnlund of Halsing- 
fors NNTitcs in this connection son the other hand in their mode of 
appearance and with regard to their clinical and pathological- 
anatomical conditions, the post-vaccinal and post- or para-infec- 
tious cncephalites present such great similarities among them- 
selves, that one begins to incline more and more to the opinion that 
all these enceplialites have a common etiology^ a neurological 
agent which is at present unkno^vn. In the case of enc.-myelitic 
complications in infection diseases, the specific infection substance 
is said to play the same activating role as the vaccine virus is 
considered to do in post-vaccinal encephalitis)). Many other authors 
are following the same line of thought. 

The above-mentioned epidemic enceplialites with known 
etiologies, such as St. Louis enc., Japanese B-encephalitis, Austra- 
lian X-encephalitis, and the acute lymphocytic choriomeningitis 
have — apart from the very serious prognosis a graver morbid 
picture, and above all it has been possible to isolate the virus m 
all these cases, and the disease has also been successfully trans 

mitted to experimental animals. 

With regard to multiple sclerosis and especially acute multiple 
sclerosis, the diff. diagnosis is touched upon by a number of authors. 
The acute, which the majority of authors have obviously never 
seen themselves, but concerning wdiich reference is nearly always 
made to other authors, only differs from men. enc. myel. in its 
course. The completely divergent clinical courses of men. enc. 
myel. and the ordinary multiple sclerosis make the diff. diagnosis 
less difficult. Finally, apart from the typical neurological changes, 
acute polyneuritis has a different fluid picture, but the diff. diagnosis 
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may present difficulties, especially in the men. enc. myel. cases 

which have polyneuritis Symptoms. 

A number of further diff. diagnostic difficulties, e. g. from tumor 
cerebri, lues, liaematomyelia, etc., could of course be discussed, 
but the ones mentioned above are those which present the greatest 
difficulties. 

During the 10-year period 1932—1941,95 patients belonging to 
the group men. enc. myel. were treated at the County Hospital at 
Vastervik. Of them 8 are not included in this discussion owing 
to incompleteness of case records and laboratory exaniinations. 



There thus remain 87 cases, in addition to one case nursed at the 
Vastervik Infectious Diseases Hospital in 1941, a total of 88 cases; 
During the same 10-year period, 163 cases were nursed at the 
Infectious Diseases Hospital under the diagnosis pol, myel. The 
reception area for the hospital is the northern County Council 
area of Kalmar Province, which had a population of c. 92,150 in 
1940. As there is no other hospital within the district, all the cases 
which received hospital treatment will have been admitted cither 
to this hospital or to the Infectious Diseases Hospital, which lias 
the same reception area. 

Curve no. 1 shows the distribution each’ year of men. enc. myel. 
cases admitted to the hospital and of pol. myel. cases, and of the 
30 — Ada med. scandinav, Vol. CXIl. 
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cases admitted to the Infectious Diseases Hospital under the dia- 
gnosis meningitis aseptica, encephalitis acuta, etc. The cum 
shows the increase in the last few years of our men. enc. myel. cases, 
21 and 19 cases respectively during the last 2 years, while during 
the first 4 years of the 10-year period the number of cases was 
less than 5 per year. As is seen, this increase by no means goes 
hand in hand with an increase in the number of pol. myel. cases, 
rather the increase in men. enc. myel. cases shows a tendency to 
be accompanied by a decrease in pol. myel. cases. Of the cases 
admitted to the Infectious Diseases Hospital under the diagnosis 
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Skeldi of the area served by the hospital. 



The figures within brackets indicate the number of pol. raycl. 

» t> without » » > » » men. enc. myel. 

The place of domicile and the place of sickening respectively 
are marked on the sketch map, where all the cases between 1932 
and 1941 are collocated. A clear impression of the even distribution 
of the cases over the province is obtained. That the figures for 
Vastervik, Gladhammar and a few other places are so high is not 
due to a simultaneous aggregation of cases in those places, but to 
the fact that these places are densely built-up communities. No 
similar aggregation from one and the same place as is shown by 
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pol. myel. cases is to be seen. Of the 20 pol. myel cases at Virserum 
19 fell within the year 1936. As an example may be taken the year 
1940, with 21 cases of men. one. myel., of which 3 were from Vaster- 
vik, at intervals of more than one month between the cases, 3 from 
Gamleby parish, all from different parts of this large parish and 
at different times, 2 from Lofta with a month’s interval between 
them. The rest wmre scattered cases from various parishes from 
the whole of the area ser\md. In practically every caserecord it 
is noted that no case of pol. myel. liad appeared in the neigh- 
bourhood. Only in one case had pol. myel. been established 1 % 
km from the patient. 



Curve no. 3, 


The 88 men. enc. myel. cases are distributed over 55 men and 
33 women, thus a preponderance for men of c, 62 %. Of the po . 
myelites at the same time 102 were men and 61 women, i. e. here^ 
also c, 62 % men. 

Tlie age distribution of the patients appears from cuiwm no. 3. 
As can be seen, there is no age of predilection for men. enc, myelitis. 
Between 10 and 50 years the cases are fairly evenly distributed — 
a clear difference as against pol. mymlitis cases, where the number 
falls rapidly already at the age of 30. 

The anamnestic particulars show a number of common features. 
The time varied considerably between the onset of the first sym- 
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ptoms and the admission of tlie patient to the hospital, between 
3 and 21 days. It is of interest that in no less than 37 cases out of 
88, i. e. nearly 41 %, the course had two phases, with a first acute 
sickening, in general 2 — 3 weeks before admission, after which the 
patient recovered but again fell ill, this time only 1 5 days before 
admission. During the intervening period, however, many patients 
stated that they had had headaches, fatigue and other more diffuse 
symptoms, but in general not worse than that they could remain 
at work. At the first onset the patient had most frequently had 
slight symptoms of meningitis, such as headache, nausea and often 
vomiting. It is worthy of note that, when they fell ill, 6 patients 
had pronounced symptoms of infection in the gastro-intestinal 
canal, and a further 3 had pains in the stomach but without diar- 
rhoea. Six patients had symptoms of acute infections in the upper 
air passages. The other 22 began with no signs of other infection 
except slight meningitis symptoms. After a week at most the patient 
improved and in general began to work, only to fall ill again after 
a further 1 — 2 weeks, this time extremely acutely with pronounced 
meningitis symptoms and often other neurological symptoms, the 
latter never having been felt when the patient first fell ill. No 
difference could be observed between these 2-phase cases and the 
others with regard to the frequency of pos, neurological findings, 
course or prognosis. 

In the majority of other cases the illness had an acute onset 
with high fever and frequently with shivering fits. Only 5 cases 
had never had a provable temperature, and 16 cases had been sub- 
febrile with temperatures of 38° or under, 70 of the 88 cases had 
meningitis symptoms, above all in the form of headache, 50 cases 
nausea and vomiting. These figures are probably too low, as in 
many case-records particulars are extremely scanty as regards 
the anamnesis. 8 patients complained of stiffness in the neck. 
Aches in the body, usually in the back, were met with in 23 cases, 
vertigo in 17 cases, appreciable apathy in 13 cases, paraesthesia 
and subjective disturbances in sensibility in 6 cases' Paresis is 
found in the anamnesis in 10 cases, of which 3 had double vision, 
ataxia troubles in 4 cases, and one case each of motorial unrest 
and rigidity. The 51 patients without a 2-phase course generally 
had a shorter anamnesis. No tendency towards a 2-phase course 
could be discerned during the treatment here. Even though a 
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number exhibited progress of tlie symptoms during the first part 
of the time, no free interval was establislied in any case. Only 
isolated cases among these cases had been preceded by or begun 
at the same time as any other infection disease, such as angina in 
2 cases and occasional cases with diarrhoea, dental infection and 
mastitis. 

The status of the patients on their admission was very much the 
same. Apart from weakness and fatigue, the subjective troubles, 
where there were any, were confined to headache, occasionally also 
to vomiting or nausea and aches in the body. From considerations 
of space, all the 88 cases are arranged in two tables; in table 1 are 
grouped together all with pos. neurological findings, and in table 2 


























AGGREGATIONS OF CASES OF ACUTE MENINGOENCEPHALOMYELITIS ETC. 555 



protein according to Bisgaard. Sugar determinations according to Krczclius-Seilfert. 


the cases which — apart from meningitis symptoms — had a neg. 
nerve status. Unfortunately the notes in the caserecords andthe 
laboratory examinations etc. are not always as complete as might 
be desired. This applies, above all to the fluid findings, where in 
several cases the cell type is not stated. In all the cases either 
W.R. or Meinicke was made, always with neg. result. Bacteria 
examinations in direct preparations were made in all the cases 
and showed neg. results, except in two cases, where occasional 
gram pos. and gram neg. diplococci were established at one exa- 
mination — with a probability bordering on certainty this was 
due to pollution. 

The periods in hospital varied considerably: 8—64 days, on an 
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average 26 days (29 for patients with pos: neurological findinos 
and 22 for the others). Only somewhat over 1 % were entirely free 
of irregularity of temperature during their stay at the hospital, 
somewhat less than 1 % subfebrile, and 25 % had a temp, of 40“ 
and upwards. The remainder, 73 %, had a temp, of between 38° and 
39° during the first few days or at the height of the illness. No 
difference between group 1 (table 1) and group 2 (table 2). The 
most usual temperature course: high fever on admission, persisting 
for 1—3 days, then falling either lytically or remittently. Freedom 
from temp, on an average of 8 days. A number of cases, however, 
ran with an obstinately subfebrile temp. The sedimentation rate 
was moderately raised, in general about 30 mm/1 hr. In practically 
every case S.R. became normal already after 14 days. There was 
a moderate increase in the number of white blood corpuscles 
throughout, in general the values Avere normal already after the 
first week. 

Among the neurological findings the meningitis symptoms 
predominate, above all stiffness of the neck. Patients vdth other 
neurological findings did not have more pronounced meningitis 
symptoms than those without. In 22 cases, i.e. 25 %, there was 
no stiffness of the neck, in 5 cases there are no notes on the point, 
and in 9 cases (10 %) the stiffness of the neck w’as strongly prono- 
unced. Of these 3 (nos, 1, 27, 29) attract especial interest and 
differ in several respects from the others. 44 patients (10 %) were 
strikingly apathetic on admission or became so later; there are, 
not a few cases in which the illness progressed during the stay here 
which show'ed itself both in general and neurological symptoms 
and in the fluid finding. Wliich these cases were is shown in part 
by the tables, as the maximal fluid changes appeared some time 
after admission. It is a matter of 11 cases out of 88. As an example 
of this will be mentioned case no. 5, which is of interest also as 
an illustration of the diff, diagnostic difficulties in pol. myel. 

It is the case of a 26-year-old married woman from Vastervik, who 
w'as admitted in the autumn of 1941. From her anamnesis it appears that 
she had had typical attacks of migraine for many years, but had been 
health}’- otherwise. Fell ill 12 days before admission with diarrhoea, pains 
in the abdomen and nausea. The stomach trouble ceased after 4 days, 
but the patient had then begun to have headaches, which had incresed 
the last 3 days before admission. In addition, during the last few days 
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there had been nausea, vomiting and vertigo and repeated shivering 
fits. She had pain in the right shoulder and a feeling of weakness in the 
right arm and a numb sensation in both arms. When admitted, general 
condition affected, severe headache and nausea as soon as she lifted her 
head. Clear and lucid. Moderate stiffness of the neck, moderate paresis 
in the right arm, moderate but obvious ataxia in the right arm. Nerve 
status for the rest neg. Lumbar puncture: Pressure 80, Pandy +, Nonne 
weak +, 148 cells, of which 88 mono and 60 poly. Next day L.P.: 121 
cells, of which 76 mono and 45 poly. 2 days after admission disimproved 
general condition, very apathetic, sleeps nearly the Avhole 24 liours but 
answers clearly and lucidly. Occasional^ double vision, but no definite 
paresis of the eye muscles can be established objectively. The neck stiffness 
has increased. In the nerve status there is now moderate paresis of the 
right leg and right patellar reflex, and both the achilles reflexes are absent. 
L.P,; 87 cells, of which 79 mono and 8 poly. After 5 days belter, not so 
apathetic, no headache or vertigo. Patellar and achilles reflexes absent 
bilaterally. Obvious ataxia in the right arm. Next day (6 days after 
admission) Pandy +, Nonne -f , 25 cells, all mono. After 9 days: not so 
apathetic, slight stiffness of the neck persists. No paresis now provable, 
all reflexes normal. No ataxia. Temp. 40°.4 on admission, for 5 da3's 
39° — 40°. After 8 daj's free of temperature. Later thrombosis in the left 
leg developed, which prolonged her stay at the hospital considerably. The 
last L.P, was made 10 daj's after admission: Pandy +, Nonne +, 10 colls, 
all mono. 

Such a picture must naturally suggest pol. m 5 '^cl. It will her 
discussed later why we did not consider that in this, as in similar 
cases, we ought to diagnose pol. myel. 

The fluid changes when patients were admitted or at the height 
of the illness appear from the tables. In 28 cases (32 %) the pressure 
was above 200 mm; in 6 cases 300 and upwards. The albumen 
reactions were moderately increased, in general Pandy -f , Nonne -f 
or faintly +. In 8 cases neg. albumen reactions. Total deter- 
minations of albumen according to Bisgaard were made in a number 
of cases, and only no 27 shows values above 1/50. The cell content 
per cm® maintained itself within moderate limits, except in cases 
1, 27, 29. These 3 patients were admitted between Jan. and April 
1941 from entirely different parts of the area served. The acutely 
onsetting, violent anamnestic symptoms, with high fever, violent 
headaches 2 — 4 days before admission arc common to them. At 
the time of admission severely affected general condition, pro- 
nounced stiffness of the neck, pronounced apathy. Only no 1 
exhibited for the rest pos. neurological symptoms, namely pos. 
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Babinski bilaterally. At L.P. high pressure, strongly pos. albumen 
reactions, -and a large number of cells: No 1; 10,100 (90 % poly, and 
10 % mono), no 27: 6,500 (96 % poly), no 29: 7,300 (64 % poly), 

It A^as in nos 1 and 29 that a number of diplococci were discovered 
in the fluid — probably due to pollution. For the rest the course 
is entirely parallel to that in the other cases, period in hospital 
between 22 and 35 days. All 3 were discharged completely free 
of symptoms. It is worthy of note that they fell ill at a time of 
year (Jan. — ^April) which is otherwise relatively free. 

For the rest the largest number of cells remained within moderate 

limits, c. 80 per cm^, inconsiderably larger for cases with pos. 

neurological findings: 92 and 69 in cases without. The border 

values 1 — 600. In 76 % the mononuclear were in a clear majority, 

only 6 cases had predominatingly poly, namely — apart from the 

3 cases 1, 27 and 29, mentioned above — nos 18, 21 and 68, and 

in one case poly=mono. With regard to cases nos 18 and 68, only 

one L.P. -was made, and for ca^e no 21 another L. P. was made 

/ 

after 6 days, but no note was made as to the type of cells. In 41 
cases out of 88, mono were 90 % and upwards. In 14 cases there 
are no particulars of the type of the cells. It may be of interest to 
study how long after admission Ave still found pathological fluid 
findings. After 30 or more days after admission, 6 cases still had 
pathological findings, 9 cases 20 days after admission, and 24 cases 
10 days after admission. In addition there is one case Avhich is 
still being treated here after 2 months and still has pathological 
fluid changes. With regard to the 16 cases Avith pathological fluid 
findings persisting 20 days after admission, the number of cells 
varies betAA^een 6 and 61, on an average someAA^hat above 25, Avith 
aboA'^e 88 % mono in all the cases (not including case no 7 Avhich 
is still in hospital). There is no difference as regards the fluid 
changes established by us in cases with or AAuthout neurological 
changes. Further, it should be pointed out that in only 9 cases 
AA'as the number of cells beloAV 5 per cm®, at the last L.P. made, so 
that the figures adduced by no means elucidate the question of 
hoAv long pathological changes in the fluid had persisted, but only 
shoAv the changes at the last L.P. performed by us. 

As regards the sugar content in the fluid, opinions are extremely 
divided as to hoAv far it is justifiable to draAV any conclusions from 
the values obtained, since a number of factors which have nothing 
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to do with the illness affect tlie sugar content. It appears from the 
tables that in the cases where the sugar content was determined, 
we found increased values, which are met with chiefly in the cases 
where blood determinations Yvere made in direct association with 
L.P. The determinations were made according to the same metliod 
— the Krezelius-Seiffert. The mastic test was made in the majority 
of cases with pos. albumen reactions. In the cases where the reaction 
was not normal or was neg., there is a tendency to a displacement 
to the right, but this is by no means constant, so we have had no 
guidance from this reaction. 

In tables 4 and 5 all the cases are collocated, and the neurological 
findings in the individual cases wdll be discussed below. It appears 
from table 4 that 26 of tlie 88 cases, i.e. 29,5 %, had positive ncuro-. 
logical findings. 

Extrapyramidal symploms were present in 6 cases (8, 11, Id, 23, 25, 
2G). When discharged 3 of tliesc liad sj'mptoms persisting in the form of 
a mask-like face, stiff gait, monotonous voice, and in case no 8 tremors 
also. Of those no 23 was entirely free of symploms after 9 months, and case 
no 8 was fully capable of work after 2 months, and only a slight tremor 
persisted. No 26 did not return. Two of the cases, 11 and 14, were complc-. 
tely free of symptoms wdien discharged, and no 4 was still free of symptoms 
a month later. No 25 Avas discharged free of symptoms but had obvious 
tremors after 14 days. He received atropine, after wliich ho improved, 
3 Yo months after his discharge inconsiderable tremors persisted. 

Thus, as far as we have had an opportunity of following them, 
of the 6 cases with extrapyramidal symploms, 3 became entirely 
free of symptoms, and in 2 cases only slight tremors persisted at 
the last examination. One of the patients was discharged with 
slight persisting disturbances, and never returned. These cases 
differ in no respect from the others, as regards cither the anamnesis, 
or the clinical findings for the rest, or the laboratory’’ findings. To 
classify these cases as encephalitis Icthargica solely w’ith tlie support 
of the moderate and rapidly passing extrapyramidal disturbances 
appearing in all the cases in direct association ivith tlie acute onset, 
appears far-fetched, so much the more as the clinical picture for 
the rest does not tally with the usual description of encephalitis 
lethargica. Further, it should be noticed that cxtrapp-amidal 
symptoms have also been described in cases belonging to the 
Japanese B-encephalitis group, which is clearly delimited fron\ 
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lethargica. In all our cases the observation period is naturally too 
short to exclude sequelae of one kind or another. The possibility 
that encephalitis lethargica has changed its clinical picture has 
been discussed, and if it is considered that such is the case, it 
cannot be determined vdiether it is a matter of lethargica in out 
. cases or not. 

The cases with paresis are of great interest, in view of the diff. 
diagnosis as against pol. myel. In 17 cases out of 88, i.e. somewhat 
over 19 %, pareses were established. 

Of these 8 were cases with cranial nerve paresis only, 7 of them facialis 
and 1 hypoglossus. The latter also had clear extrapyramidal symptoms, 
so the pol.myel. diagnosis was out of the question. With regard to the 
facialis pareses, the same applies to no 14. No 7 had also sensory distur- 
bances. The other 5 had no other neurological findings (nos 12, 15, 16, 
19, 21). Of the facialis pareses 3 were of the peripheral type, 3 of the 
central type, and 1 not indicated. 

Of the other 9 cases with pareses, in one (no 3) the paresis was 
localised in the right hand, combined with paraesthesia and reduced 
tactile sensation in the ulnar side of the whole lower arm and ataxia in 
the baud. Two cases had paresis in the whole leg, and of them no 10 
combined with sens, disturbances, no 24 paresis only. Among the other 
5 cases (nos 5, 13, 17, 18, 22) no 13 had a central Vll-paresis and a XII- 
paresis and reduced gross strength in the whole of the left arm and leg, 
but not abdominal paresis. In addition to paresis in the right arm and 
leg (no abdominal paresis), no 18 had VIT and Xll-paresis and also 
spasticity in the right leg with pos. Babinski. No 17 paresis in the left 
arm and facialis. No 22 VII- and XITparesis and bilateral shoulder 
paresis and slight left-sided abdominal paresis. 

Thus, to sum up, there are altogether 10 cases with paresis 
only without sens, disturbances or other neurological findings, 
which might contribute to the diff. diagnosis as against pol.myel. 
Of these nos 17 and 22 ran an afebrile course, which, however, 
argues against pol.myel. In a number of these cases pol.myelitis 
etiology cannot be excluded with absolute certainty. It may be 
pointed out already at this point that in all these cases apart 
from the facialis pareses — the paresis affected one or more extre- 
mities and not any special group of muscles. In no case was it a 
question of complete paralysis, but only of a reduction of the gross 
strength. Only in 1 case (no 5) were the reflexes lost. It was not 
possible to establish atrophy of the paretic extremity or extre- 
mities. 
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With regard to the other cases ■where no paresis was established, 
in 3 cases (nos 1, 4, 9) the neurological findings were confined to 
pos. Babinski, ‘which, even if it does not exclude pol.myel., does 
not argue in favour of it. In one case (no 2) rapidly transient 
ataxia and paraesthesia in the hands, and in one (no 20) obviously 
livelier patellar reflexes on one side, but with neg. Babinski. 

The course for the rest was as follows: The stiffness of the neck 
persisted on an average -8 days (in a number of cases no notes on 
this point). Entirely free of symptoms when discharged 13 out 
of 26, i.e. 50 %, of' group I (with pos.ncurological findings). Five 
of these were post-examined, on an average after a month, and 
were then still subjectively and objectively free of symptoms. 
Persisting pareses when discharged in 7 cases, in 2 of which (nos 3 
and 12) the pareses had completely receded after 35 and 30 days 
respectively (no 12 still free of symptoms after 1 year and 1 month). 
No 10 still tired in the previously paretic leg after 1 year and 2 
months. No objective pareses. Tactile and pain sensation still 
reduced in the leg. After 6 months no 13 slightly tired in the left 
leg — nothing objectively. No 17 persisting slight facialis paresis 
when discharged and no controls. No 19 unchanged facialis paresis 
after a month. No 15 improved after a month, but slight paresis 
in facialis persists. Thus, of the cases wit!) pareses, there arc five 
who, during our observation period, had subjectively or-objectively 
persisting symptoms. As regards other neurological disturbances, 
no 2 was free of symptoms after 4 months, no 7 still in hospital. 
The 6 cases with extrapj'-ramidal disturbances have been described 
above. 

Group 2 (table 5) with practically neg. nerve status as regards 
meningitis symptoms, comprises 62 cases. Of these 61 were dis- 
charged free of symptoms, while one complained of moderate 
headache. I-Ic did not return, so the trouble has probably dis- 
appeared. The table shows the control examinations after discharge. 
24 patients returned after periods varying between M days and 
10 months. Of them there were only 2 who then had any trouble, 
namely no 55, who complained of vertigo when he worked in a 
bowed position, which need not necessarily be ascribed (o his 
meningitis, and no 35. The latter was discharged free of symptoms, 
but returned after a month and then complained of stiffness of 
the neck and sleeplessness. After a lime increasing neurasthenic 
3T — Ada med. scandinav. Vol. CXII. 
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trouble — forgetful, irritable, difficulty in collecting his tlioughts 
sleepless, etc. He was re-admitted 2 1/2 months after discharge! 
Nerve status completely neg. L. P.; Pandy slightly -f, Nonne 
slightly -f-,3 cells, all mono. Already on the day after admission 
felt free of symptoms and was discharged after 2 days. One month 
later free of trouble, apart from a certain fatigue. Objectively 0. 
In this report no attention has been paid to the fact that on dis- 
charge many patients felt tired and weak, which symptoms, how- 
ever, soon disappeared. 

With regard to the prognosis, it may be pointed out by ^^'ay of 
summary, that as far as we have had the opportunity of following 
the cases, 79 of the 88 patients, i,e, nearly 90 %, became entirely 
free of symptoms. One patient is still being nursed here. Of the 
remaining 8, as far as we can ascertain, none are incapable of work 
or have their capability for work reduced in any degree worth 
mentioning. We have had no deaths. As has already been pointed 
out, however, the observation period is too short for it to be possibly 
to draw any definite conclusions as to later results. In this connec- 
tion Ryden’s reports from the Psychiatric Clinic in Lund, where 
in many so-called neurosis cases, psychoneurosis cases etc., slight 
encephalitis conditions have been established, often with slight 
extrapyramidal disturbances, is of interest. The symptoms which 
led to admission to the Psychiatric Clinic often appeared insi- 
diously, frequently after some known infection illness, in other 
cases Avithout the patient’s being able to trace the troubles back 
to any definite point of time. It still remains to be seen whether 
any similar troubles Avill arise among our cases. 

As appears from Avhat has been said above, the question of the 
etiology and differential diagnosis of these men.enc.myelites is of 
great interest. It appears probable that the majority of om cases 
are to be referred to tlie same etiological factors. The 3 cases men- 
tioned above, nos 1, 27 and 29, which in certain respects differ 
from the others, might be exceptions, and also the cases with 
extrapyramidal symptoms, Imt it has already been pointed out 
that their agreement in the anamneses, neurological findings and 
course, wdth the majorit}' of cases is so complete that we considered 
that we could place these cases Avith the others. As regards our 
cases, and also as regards those of other similar aggregations of 
men.enc.myel. described by other authors, the problem seems to 
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me to be whether we are dealing with a disease sui generis, or 
whether it is a question of pol.myelites. 

For many reasons it is dangerous, and often impossible, to 
draw any definite conclusions from epidemiological factors, birstly, 
the epidemiology of poliomyelitis has not been incontrovcrtibly 
elucidated, secondly, our figures arc too few. Certain points of 
view, however, are deserving of attention with all reservation for 
the paucity of our material. No aggi'cgation of cases from certain 
places or even adjacent places has occurred; on the contrary Ulie 
cases are evenly distributed over the whole area served. In none 
of our cases had the persons concerned been in contact with any 
similar disease or with pol.mycl. During the 10-ycar period, men. 
enc.myel. cases increased fairly constantly, independently of the 
increase or decrease of pol. myelitis cases. In the years 1936 and 
1937 a severe pol.myclitis epidemic raged here, with 111 certain 
cases of pol.niyelitis. At tlic same lime tlicrc were 12 cases being 
nursed at the Infectious Diseases Hospital under the diagnoses: 
aseptic meningitis, acute enceplialitis, etc. Of these, 2 were cases 
of typical parotitis encephalitis, and 2 cases with extrapyramidal 
disturbances. There remain 8 cases which might liavc been, and 
probably were, abortive pol.mycl. At the same time there were 
nursed at this ho.spilal 13 cases of men.enc.myel., of which one 
with extrapyramidal disturbances. The others agree in all respects 
with the picture of men.cnc.myclitis descrilicd previously, but, 
apart from the meningitis symptoms, had no neurological distur- 
bances. it is obvious that among them may be cases of abortive 
pol.mycl., just as among the Infectious Diseases Ho.spilar.s cases 
of suspected abortive pol. myel. there may be concealed men. 
encephalitis of another genesis. In 1940 — =11 wc had 40 cases of 
mcn.enc.myclilis, and at llie same time 12 ca.scs of pol.myclitis 
and the case of men.enc.myel. previously mentioned, which was 
included in our figures, were nursed at the Infectious Diseases 
Hospital. If our cases were abortive pol. myel., one would be 
justified in expecting a large numiicr of definite pol.mycl. with 
parcses during this period, unless it is to be assumed that the 
pol.myelitis epidemic had changed its character just during the last 
few years, and that cases now appear abortivel}' without parcses. 
Even if this were the case, 11 of our40 cases had such neurological 
disturbances that, the diagnosis of pol.myelitis is excluded. 
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With regard to the ages of the patients, the differences as against 
the pol.myel.nursed at the same time is striking, as has been pointed 
out above. Up to the age of 50 the number of men.enc.myel. is 
evenly distributed. 

Tlie anamneses afford no difinite criteria, pol.myel.may also 
have a 2-phase course. In the »status on admission)), the hyper- 
aesthesia and tenderness on pressure typical of pol.myel., and 
also the sweatings, are nearly always absent, on the other hand 
many of our cases were strikingly apathetic, in a number of cases 
almost lethargic, but never comatose. The meningitis symptoms 
remained a remarkably long time, on an average 8 days; and in 
16 cases, as has been pointed out above, the fluid changes still 
remained 20 days after admission. (It must be noted that this 
figure is obviously too low, as it only refers to the last lumbar 
puncture made by us). It has proved to be a difficult matter to 
find in the literature particulars of how long the fluid changes 
persist in pol.miyel., but it may probablv be calculated that the 
fluid finding will be normal. 2^—4 weeks after the onset. If this 
figure is correct the changes remained a remarkably long time 
with some of our patients. There is an additional noteworthy fact. 
The fluid changes in pol.myelitis are maximal about at the same 
time as the parcses make tlieir appearance, i.e. in the majority of 
cases at the time of admission for treatment at the respective 
nursing institutions, or during the first few days afterwards. Of 
our 88 cases 11 had a progressive course of the illness during the 
first period of treatment witli increasing fluid changes, and of 
these only 1 case (no 24) in association with the appearance of a 
slight paresis (without reflex disturbances) in one leg. As has been 
stated above, in no 5 tlie fluid changes had receded when the pareses 
in the legs set in. In the majority of our cases, both with and 
without pareses, the pleocytosis "was so moderate that at least it 
did not speak in favour of pol.myelitis. 

As regards the type of cells, predominatingly nuclear are 
expected at the beginning of a pol.myelitis, i.e. at the point of 
time of the appearance of the maximal fluid changes. NMien it 
■was possible to ascertain the number of cells, only 6 of out 74 cases 
had predominatingly polynuclear. For the rest mono, were clearly 
predominant. Thus, the fluid finding cannot be made the basis 
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for the diff.diagnosis, but our fluid findings are at least not typical 
of pol.myelitis. 

The neurological changes have been exhaustively discussed 
above, and here it will only be briefly repeated that, apart from 
cases with isolated cranial nerve pareses, whole extremities were 
affected, and furthet that only in one case were the reflexes lost. 
Even in the cases with paresis in both arm and leg on the same 
side, there was no corresponding abdominal paresis. We were not 
able to establish in our cases the muscle hypotonia typical of pol. 
my el. Apart from a couple of facialis pareses, the prognosis was 
extremely good — all completely capable of work, and at control 
examinations no objective signs of pareses. We were never able 
to establish any atrophy. These facts appear to argue against 
pol.myelitis. Further, 3 of the doubtful cases wdth paresis had an 
afebrile course, which could hardly have been the case if the dia- 
gnosis had been pol.myel. (nos 17, 19, 22). 

We consider that we have good reason to regard the majority 
of our cases as men.cnc.myelitis sui generis of unknown etiology, 
and not as pol.myelites. Certain cases are doubtful and might 
have been pol.myel., but this does not apply to the majority. We 
have had no possibilities of deciding what etiological factors caused 
the disease. The homogeneous character of the cases makes it 
improbable that several etiological factors played their part, nor, 
except in a number of cases with diarrhoea and occasional cases 
with angina etc., liad the patients had at the same time any other 
observable infection illness which might have caused mcn.enc. 
myelitis, or in any way prepared the way for a possiljle latent neuro- 
tropic virus. No accumulation of cases in association with or 
concomitant with small-pox vaccination was met witli, and during 
the 10-year period one case of vaccination encephalitis occurred, 
i.e. in 1932. As no case ended fatally, we had no opportunity to 
study the pathological-anatomical changes. 

Before the sulphonamide era, the treatment was purely sym- 
ptomatic. During the last few years tlie patients have invariably 
been given sulphonamide or sulphatiazol. It is doubtful, however, 
whether tliis therapy has affected the course to any degree wortli 
mentioning. 



566 


HARALD SANDSTROM. 


Summary. 

During the 10-year period 1932—1941, 88 cases of men.cnc. 
my el. were nursed at the Vastervik Hospital and 163 cases of pol. 
myel. at the Vastervik Infectious Diseases Hospital. After an. 
account of the anamnesis, clinical findings and prognosis for men. 
enc.myel., the differential diagnosis, especially as against pol. myel., 
is discussed. The following facts emerge: 

1. There occurs no aggregation of men.enc.m 3 ml. cases from 
one and the same place and at the same time. 

2 . Men. enc.myel. has shown a tendency to increase in the last 
few years, but the increase does not coincide Avith pol.myel. epi- 
demics. Nor did men. enc.myel. increase more appreciably during 
the pol.myel. epidemic in 1936 — 1937. 

3. If our cases were pol.myel., it would be justifiable to expect 
that several definite pol.myel. with pareses would appear at the 
same time, unless it is to be assumed that pol.myel. has changed 
its character and noAv appears as abortive aparalytic pol.myel. 
Even if this were so, several of our cases had such neurological 
findings that they exclude the diagnosis pol.myel. 

4. No age predilection for men.enc.myel. 

5. The hyperaesthesia, sweatings and tenderness on pressure 
typical of pol.myel. are absent. 

6 . The meningitis symptoms and fluid findings persisted for a 
strikingl}’^ long time. 

7. The pleocytosis Avas moderate and the pareses did not appear 
simultaneously AAuth the maximal fluid changes. 

8 . In the cases AAdaere there were pareses (19 %) apart from 
the cranial nerves — Avhole extremities Avere affected and not 
isolated groups of muscles. No muscle atroph}" AA^as met A\'ith. 

9. With reservation for the short observation period, the 
prognosis AA'as extremely good. No deaths. Nearly 90 % entirely 
free of s 3 ’^mptoms. None of the remainder incapable of work. 

With this support, Ave consider that Ave have AA'ell-founded 
reason to regard the majority of our cases as men.enc.m3'el. sui 
generis of unknoAA'n etiologies. 
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The question as to whether cancer diseases are actually on the 
increase is an old subject of debate in all civilized countries. The 
development of diagnostic methods in relation to cancer, as well as 
improved and extended facilities for medical attention have led to a 
more frequent diagnosis of cancer than formerly. The higher aver- 
age length of life also entails an apparent increase in cancer frequ- , 
ency in respect of the total population. 

One may follow cancer frequency in relation either to the morbi- 
dity or to the mortality. 

The morbidity may be studied through the statistics of hospi- 
tals and cancer bureaus. But with neither it is possible to follow 
cancer frequ ency. back for any considerable length of time into the 
past. The difficulty of arriving at the total cancer morbidity 
by means of circularizing the medical profession is shown by the 
enquete undertaken by Fibiger in Denmark in 1908. 98 •% of 
the physicians throughout the country took part; and the cancer 
morbidity arrived at from the answers sent in was 4.3 per 10,000 
inhabitants. That this is far below the true figure is best shovm by 
the fact that the cancer mortality for the same year was 13.4 “/ ooo 
according to the official statistics. 

In the year 1920 Nystrom published an investigation of the 
Swedish Cancer Society into cancer diseases- in Sweden carried out 
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during the period 1911—13. At least during the first year the physi- 
cians in Sweden took part in this enquete almost to a inan; and the 
cancer mortality arrived was 5.9 ”/ooo while according to the official 

statistics the cancer mortality was 10.2 °/ooo- Nystrdm commented 
as follows: »The material obtained by this enquiry is of course not so 
complete as to justify its use as a basis for a reliable statistics of the 
morbidity in respect of the total frequency. For the years 1911 and 
1912 it may be assumed to cover only rather more than half the 
number of actually occurring cancer cases; and for the year 1913 
considerably less. On the other hand, however, the comparatively 
large material may well give us a good idea of the relative frequency 
of different cancer diseases.)) 

The mortality may be studied in the official statistics and in in- 
surance or post-mortem statistics. Bergstrand and Reutervall 
(24 p. 15 — 17), who investigated 5200 post-mortems carried out in 
Stockholm during the period 1909 — 15, found that nearly 17 % of^ 
the cancers discovered in this connection had not previously been 
diagnosed. Four percent of the clinically diagnosed cancers in the 
materi^ were not verifiable on section. Earlier German and Hun- 
garian investigations, which also covered material from large hos- 
pitals, arrived at still higher figures. The development of diagnostic 
methods has of course diminished the number of undiagnosed and 
clinically misrepresented cancers; but as late as 1921 Lubarsch gives 
figures for a large German post-mortem material which are compar- 
able with the above-quoted Swedish figures. Lubarsch considers 
that' cancer-frequency can be studied only in connection with 
post-mortem material. In support of this view he adduces the fact 
that the figures yielded by a large German post-mortem material 
were 9.4 % of the females and 8.8 % of tlie males, while the corres- 
ponding figures according to the official mortality statistics were 
6.4 % and 5.0 %. The difference may, however, be clue to a diffe- 
rent age-classification of the material. 

One disadvantage of the post-mortem statistics is that they cover 
such a relatively limited material. Lubarsch slates that only 4.1 % 
of those who died in Gcrmany'in the j^cars 1920—21 were subjected 
to post-mortem e.xamination. Wood has pointed out that the mor- 
tality statistics based on post-mortem investigaions arc seldom rep- 
resentative, for they are often taken from hospitals where special 
diseases predominate. Therefore, the total frequency of a disease 
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for different periods cannot be ascertained from post mortem 
statistics. 

A number of authors (2, 12, 14, 17, 18, 27, 28) maintain that 
a supposed increase of cancer of the lung, which is shown by post 
mortem statistics, is merety an illustration of the unreliability 
of such statistics as a gauge of frequency of a disease. According to 
Lubarsch, German post mortem material from 1920 shows that 
only 50 % of the lung cancers that were found in the sections had 
been diagnosed before death. Thus the assumption that cancer of 
the lung is to a great extent clinically undiagnosed still holds good. 
The markedly increased interest in the diagnosis and therapy of this 
disease must result in its discovery more frequently than has hi- 
therto been the case. The statistics for lung cancer for the last twenty 
years, during which period the alleged increase in frequency is 
supposed to have takenplace, vary so widely that most vmiters, who 
have dealt with the question consider this fact alone to be sufficient 
indication that actually no rise in the frequency of cases of lung 
cancer has occurred. 

In studying the cancer rate over a longer period of time one is 
generally compelled to have recourse to the official mortality sta- 
tistics. Progress has been made in the treatment of cancer, so that 
especially patients with external cancers are completely healed 
and others cured for longer or shorter periods, and may thus die of 
other diseases, in which case cancer is not the cause of death. The 
diagnostic improvements probably play a more important role for the 
statistical figures than the terapeutic progress. The possibility of 
clinical diagnosis, especially of the relatively early stages of internal 
cancers, has undergone a rapid development. On the other hand, it 
may safelj’^ be affirmed that physicians many decades ago were 
able with about the same assurance as now to recognize the final 
stages of even the less easily diagnosed cancers. The older mor- 
tality figures are thus probably more comparable with the later ones 
than is the case with corresponding morbidity figures. 

Comparison of the figures for cancer mortality from different 
countries and periods must be used with certain caution. The pro- 
portion of physicians, the organization of medical attention and the 
population statistics must all be taken into consideration. To illu- 
strate the importence of the role played by such factors it may be 
mentioned that the official cancermortality in Lithuania was 3.4 •’/ oo> 
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while at the same time in adjacent parts of East Prussia it was 
11.5 ”/ 00 - Czech© Slovakia the official statistics for Carpatho Uk- 
raine during the 1920’s showed an increase of the cancer mortality 
by 170 % as against 40 % Moravia. This remarkable difference 
might be explained by the fact that after the World War the popu- 
lation statistics and the medical attention were more thoroughly 
revised and improved in the eastern parts of the country than in the 
western provinces. 

There is reason to suppose that the rise of frequency of cancer 
with civilization is more apparent than real. That the figures for 
backward people are lower than those for more civilized is chiefly 
due to the internal, more difficultly diagnosed cancers. A number 
of investigations have shown that the external, easily diagnosed 
cancers are commoner among coloured peoples than among whites. 
Hoffman has shown that the cancer frequency among negroes in the 
U. S. A. comes progressively nearer that of the whites as the negroes 
receive increased possibilities of medical attention and hospital 
treatment, so that their morbidity and mortality statistics arc 
rendered more reliable. 

According to older statistics, cancer-mortality is throughout 
considerably higher for women than for men. This difference be- 
tween the sexes, however, tends everywhere to diminish; and in 
Switzerland, where the mortality statistics are very accurate, it has 
disappeared completely. The reason why this difference was for- 
merly so marked was probably that the cancers in men comprise 
in a higher degree, than is the case with women, the less easily diag- 
nosed internal cancers, such as for instance cancer of the ventricle. 
Tlie large group of cancers of the breast and of the uterus in women, 
on the other hand, may be regarded as relatively easily diagnosed. 

The therapeutic progress in connection especially with the 
easily diagnosed cancers is the strongest argument for those who 
consider that mortality figures are of no use for the study of cancer- 
frequency (Peller). It should be emphasized, however, in this con- 
nection, that according to a number of statistical investigations 
(25, .30, 35) death from mammary cancers is on the increase, while 
death from cancer of the uterus is diminishing, despite the fact that 
the former is easier to diagnose and responds more readily to treat- 
ment. TJie difference in frequency is probably to be ascribed to 
diminished nativity, for the mothers of large families arc said to 
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be more liable to cervix-uteri-cancers than are sterile women, while 
the latter are supposed to be more subject to mammary cancers. That 
the cancer-mortality in urban districts is generally higher than in the 
rural may be due to more reliable diagnosis in the former. It is, 
lio\vever, possible that a different age-grouping in urban and rural 
populations may play a part. In an investigation from Saxony 
Freudenberg has shown that an increase in the number of medical 
practitioners coincides with a higher cancer-mortality. Although 
in Sw'edish towns, in contradistinction to the country districts, a 
diagnosis by a medical practitioner has been required in all cases of 
death since 1859, the difference between cancer-mortality in the. 
toAvns and that in the country is surprisingly small in Sweden. If 
as a basis of comparison "vve take 100 to represent the cancer-mor- 
tality in Swedish towns, the corresponding figure for the country 
districts is for the last thirty years between 92 and 94. The corres- 
ponding figure for the country districts in Canada is 60; but in a 
densely populated country like Holland this difference between rural 
and urban figures does not occur; in certain parts of the country 
the rural figures are even higher than those for the towns. 

Figures of this kind, however, cannot be regarded as conclusive, 
as they do not take into account the differences in age-grouping. 
Better diagnosis could be expected to show' considerably higher can- 
cer-mortality in the towms. This may be counteracted by a higher 
percentage of old people in the country, due to a strongly marked 
influx of young and middle-aged people to the towms from the 
country districts. 

According to older statistical investigations, as for example the 
above-mentioned enquiry published by Nystrom, the well-to-do 
classes showmd a higher cancer-mortality than the poorer classes. 
This, however, may be explained by the fact that the wmll-to-do 
had formerly much readier access to good medical treatment and 
accurate diagnosis. Recent investigators (16, 40) state that cancer 
mortality — especially in the case of ventricular cancer dimi- 
nishes wdth increased social well-being. It has unfortunately not 
been possible for me to obtain a modern Swmdish cancer material 
that would enable a grouping in social classes. 

It is generally conceded, that wmrkers w’ith ready access to alco- 
hol show' abnormally high cancer mortality. This is especially 
remarkable as this group has a strikingly Idw' average length of life. 
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In the study of the cancer mortality of various trade groups and 
social classes it is difficulty to get comparable material from the 
point of view of age. Investigators who ignore this source of error 
can of course arrive at any conclusions whatsoever. 

At the end of the nineteenth century people were impressed by 
the increase in cancer cases in official statistics, and it was generally 
believed, that an actual rise of cancer frequency was occuring. 
Articles in Zeitschrift fiir Krebsforschung at this time show, more- 
over, that great interest was taken in explaining the increase. It was, 
for instance, believed that cancer was commoner in certain 
dwellings than in others; and attempts were made to find a clue 
to the mystery in this alleged fact. The possibility of different 
ages of the inhabitants of the dwellings was not discussed. 

As early as at the end of the 1880’s, English authors asserted 
that cancer mortality was increased more rapidly among men than 
among women. They attributed this to more accurate diagnosis. 

In the earlier discussion and in the papers referred to above 
there was a general tendency to overlook the different age grouping 
in the materials; only some of the older Yvriters avoided this mistake. 

In 1893 King and Newsholme published an important work iii 
which they critically examined the increase in the statistics of cancer 
mortality. Their material comprised the official mortalit)^ statistics 
in Franlcfurt- am-Main, which ever since 1860 have permitted of age 
analyses for various diseases. In addition they had access to a 
well differentiated — in point of age and cause of death — English 
life-insurance material. King and Newsholme arrived at the result 
that the increase i cancerrmortality was only apparent. They 
asserted that only the difficultly diagnosed cancers had increaxSed, 
and that the increase was most marked in the highest age-groups, 
Weinberg and Gastbar, who ten years later invc.stigated material 
from both Frankfurt-am-Main and Stuttgart, arrived at similar 
conclusions. 

In more recent literature wc still find authors in the 1930’s who 
are of the opinion that cancer is actually on the increase. In general, 
however, the writers who have dealt with this question assert that a 
statistically satisfactory investigation of cancer-mortality give no 
support for the assumption that cancer is increasing. 

Moreover, Peller, Tlicilhabcr, G. Wolff, Wyss and others, basing 
their assertion on the figures for cancer-mortality from the last two 
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decades, consider themseives in a position to show that cancer is 
decreasing. These witers have studied mortality statistics from 
Switzerland, some big German cities, Vienna, Copenhagen and New 
York. As regards Switzerland, it may be mentioned that during the 
1920’s only 1.6 % of the deaths were not diagnosed by physicians; 
and in other respects also the mortality statistics are more accurate 
than those of most other countries. Great importance has been 
attached to the fact that in Switzerland also the mortality from 
difficultly diagnosed cancers has decreased during the last two 
decades. 

In Germany the figures for cancer-mortality show a decrease 
during and just after the World War; but one cannot ascribe much 
significance to this, considering how civil care of the sick must 
have suffered under war conditions. Mortality statistics in Berlin 
show a consistent decrease of cancer since the first World War; but 
the interpretation of this phenomenon must be in so far equivocal 
as these statistics do not exclude the country- dwellers who die in 
Berlin. As regards the rest of the above-mentioned cities, it would 
seem probable that cancer-mortality is actually diminishing. It is, 
however, still too early to venture an opinion as to whether this 
decrease may also be regarded as applying to cancer-morbidity. 


In the year 1859 it was made incumbent upon Swedish physi-. 
cians to make out certificates of death for deceased persons who 
had been under their care during their last illness. Further, it was 
ordered that in the urban districts medical certificates should be 
filled in for all deceased persons and that these should be sent in to 
the municipal Boardsof Health (lialsovardsnamnderna) after the 
clergy had transcribed from them the relevant data for the Death 
Register. In 1864 the municipal Officer of Health (stadslakaren) in 
each town was charged with the task of drawing up a^yearly table of 
causes of death on the basis of these certificates. From 1864 10 
the Medical Council (Sundhetskollegium) published each year a 
survey of causes of death in the towns and cities of the kingdom on 
the basis of these tables. As early as 1861, however, the head of the 
Central Statistical Bureau, Dr F. T. Berg, had used the data given in 
the parish Death Registers to draw up annual surveys of the causes 
of death in the towns. These surveys were in 1863 discontinued for 
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all towns except the City of Stockholm, for which they were con- 
tinued until 1867. From 1864—67 we thus have a doulile set of 
statistics of the causes of death in Stockholm; and a comparison 
between them shows that the reports of the municipal Officers of 
Health were less complete than those of the Central Statistical 
Bureau. It was not until 1870 that the death certificates sent in 
to the Senior Officer of Public Health (forste stadslakaren) in 
Stockholm were satisfactory. In this j^ear the Senior Officer of 
Public Health, Dr Gi'ahs, issued for the first time as an independent 
publication a »Statistical Survey of the Causes of Death in Stock- 
holm)). The causes of death were here classified according to sex, age 
and communities. From 1871 onwards these statistical data were 
collected by a special municipal official: and after 1881 tlicy were 
included in the annual report of the City of Stockholm Board 
Health to the Medical Board. Stockholm has thus had more 
detailed and more differentiated mortality slalistics than the rest 
of the kingdom. 

In 1891 Professor Klas Lindroth drew up an exceedingly valuable 
.synopsis of the causes of death and of mortality in Stockholm for the 
years 1871 — 1890. The work was published as an appendix to the 
annual report of the City of Stockholm Board of Health for tlie year 
1891. 

To follow the frequency of cancer-mortality in Stockholm I 
have arranged the official cancer-mortality figures for this city 
during the five-year period 1934 — 1938 in the same way as 
Lindroth. 

By choosing a five-year period for comparison with the earlier 
twenty-year period one obtains absolute figures of com])arable 
magnitude. Since the turn of the century Stockholm’s annual can- 
cer-mortality over five-year periods has on an average increaseil 
from 10.2 to 15.3 per 10,000 inhabitants. The corresponding figure 
for ages over 50, within which during the last decades at least 80 % 
of the cancer-mortality falls, lies betAvecn 52 and 56 per 10,000 
inhabitants. The periods 1905—10 and 1934—38 have the same 
figure, namely 56®/ooo. The averages for the annual cancer-mortal- 
ity during five-year periods from 1871—90 lie between 9.9 
and 10.6 per 10,000 inhabitants. For the first and last five- 
yeai periods the figure is the same, namely 10.2 ])cr 10 000 
inhabitants. ’’ 
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The annual cancer-mortality for the whole population of 
Stockholm, has increased from 10.2 o/ooo during the period 
1871—90 15.3 o/ooo during the period 1934—38. During the 
former period cancer comprised 4 % of the total mortality, and 
during the latter period 15 %. 

When drawing conclusions from these figures one must con- 
sider the age-grouping of the population as well as the mortality 
for children and young people during the different periods. Mortal- 
ity in the age of 1 — 10 years was ten times higher during the earlier 
period than during the later one. As appears from table 5, mortality 
up to the age of 60 years was considerably higher from 1871 to 1890 
than from 1934 to 1938. 

During the earlier period the ages over 60 years constituted 7 % 
of the population, and during the later period over 11 %. From 
1871 to 1938 the population of Stockholm was more then doubled 
*( X 2.4). During the same period the population in the ages over 
60 years has been multiplied by 32 and in the ages over 80 
by 75. 

In order to get a clear picture of the cancer-frequency it is thus 
necessary^ to study tlie cancer-mortality in different age-groups. 
In this connection I have followed Lindroth’s classification accord- 
ing to sex and in age-groups of twenty years. Lindroth’s work also 
includes tables pver cancer-mortality in the digestive and female 
genital organs. 


Table 1. 


Cancer-mortalilif in Slockholm, absolute figures. 


Age-group 

Men 

Women 

1871—90 

1934—38 

1871—90 

1934—38 

0 — 20 j ears 

C 



6 

2 

20—40 ft 

84 


34 

192 

110 

40— CO » 

see 


C21 


768 

CO — 80 ft ... 

432 


1041 


1218 

over 80 » 

17 


123 

114 

209 

all ages 

1095 


1819 

2478 

2297 
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Table 2. 


Annual cancer-morlaliiij in Stockholm per 10,000 inhabilanis.. 


Agc-groiip 

Men 

AVomcn 

1871—90 

1934—38 

1871—90 

• 1934—38 

20 40 vears 

1.3 

0.7 

2.6 

1.8 : 

40 60 » 

19.2 

18.4 

24.3 

18.7 •• 

60— SO '> 

70.5 

99.6 

64.6 

69.9 

over 8(1 

87.6 

195.3 

93.0 

130.2 

•> (iO 

71.1 

103.4 

66.5 

75.0 

all ages 

7.0 

15.2 

12.8 

15.4 - 


Table 3. 


Annual cancer-morlalilii in digeslive organs per 10,000 inhabs in Slockholni. 


Age-group 

Men 

Women 

1871—90 

. 1934—38 

1871—90 

1934—38 

20 — 10 vear.s 

0.8 


1.1 


10—60 1' 

17.3 

11.6 

9.7 

5.0 

60—80 s 

62.2 

61.8 

35.7 

35.8 

over SO 1 ) 

57.1 

123.8 

50.3 

78.9 


Table 4. 

Annual cunccr-mortalilu in female genital organs per 10,000 women in Stockholm. 


Age-group 

1871—90 

1934—38 

20 — 40 veavs 

0.9 

10.1 

' 15.4 . 

1.5.1 

1.2 

11.0 

20.5 

20.0 

40—60 » 

60—80 » .... 

over SO » 



3S — Acta med. scandinav. Vol. CXJI. 



















578 


SVEN HAMMAnSTnoM. 


Table 5. 

Annual morlalilij in Siockholm per 10^000 inhabitants. 


Age-group 

jMcn 



Women 

1871—90 


1871—90 

1934—38 


135 

32 

83 

27 


327 

121 

152 

76 


718 

642 

467 

513 

over 80 r> 

2242 

1015 

1869 

914 1 


Bindroth is struck by tiie fact that in his material the cancer- 
mortabty among males is higher than among women ’in the ages 
60 — 80 years. For the total population, the average figure for the 
cancer-mortality among men is 7.0 as against 12.8 ®/ooo for women 
during the period 1871 — 90. Moreover, as far as is known there are 
no statistics from the same peiriod which in any age-group show 
excess-mortality from cancer among men,* As has already been 
mentioned, we have reason to assume that the higher cancer- 
mortality among women has been only apparent. It is valuable to 
find support for this assumption in such old statistics as Lindroth’s. 
During the period 1934 — 38'-the cancer-mortality figures for the 
total population in Stockholm are practically the same for both, 
sexes — 15.2”/ooo ^^n and 15.4®/ooo women. Only the ages 

from 20 to 40 years show a distinct excess for the women. In 
the age 40 — 60 years cancer-mortality is practically the same for 
both sexes; and over 60 years the men show nearly 30 % higher 
cancer-mortality. 

. Table 2 shows that cancer-mortality has diminished in the ages 
under 60 years for both sexes. In the ages 20 — 40 years it has 
diminished by nearl}’^ 50 % for the men and at least 30 % for the 
women. This decrease may conceivably be explained by the fact that 
it was former]}'^ more difficult than it is now to distinguish sarco- 
mata and other tumours from cancer. However this cannot, con- 
stitute any source of error worth mentioning, for also during the 
last period (1934 — 38) we find only a few such tumours per year and 
age-group in the mortality-statistics. 

The decrease in cancer-mortality in the ages 40 — 60 years is 
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especially noteworthy.^ The decrease is here more pronounced 
among the. women, amounting to 23 % as against 4 % among 
the men. 

As may be seen from table 3, the decrease of cancer in the digest- 
ive organs in the ages 40—60 years is more marked than the 
decrease in the total cancer-mortality. In the ages 60 — 80 
years the mortality is practically the same for the two periods. 
This is the more curious as cancers in the digestive organs 
comprise almost exclusively internal cancers that are difficult 
to diagnose. 

Table 3 shows in all the age-groups a slight increase of cancer in 
the female genital organs. Unfortunately, the older statistics do not 
allow of any sub-division into mammary and uterus-ovarian can- 
cers. As has already been mentioned, there are grounds for assum- 
ing that these two cancer-groups occur imder different conditions, 
and this diminishes the value of an investigation of the frequency of 
the total female genital cancer. 

The enquiry has shown that there is no increase in cancer-mor- 
tality in the ages under 60 years. Just as clear, however, does it 
seem that there is an increase in the ages over 60 years. As regards 
the ages over 80 years, the material for the period 1871 — 90 is so 
slight that it does not permit of any sure comparison. Among the 
men we find only 19 cases of cancer in this group during the twenty- 
year period. I have therefore made one group of the ages over 60 
years. Table 2 shows in this group an increase of 45 % for the men 
and 15 % for the women. 

There is reason to suppose that there is no actual increase in 
cancer-mortality in the ages over 60 years. The infirm aged in 
Stockholm are now cared for to a great extent in Old People’s Homes 
and infirmaries with good opportunities for medical attention. 
They are, moreover, often sent there only after their diseases have 
been ascertained and diagnosed in a modern hospital with up-to- 
date equipment. The development that has taken place along these, 
lines since the 1870’s can without exaggeration be designated as 
revolutionary. 

If one considers how much oftener senile debility (marasmus seni- 
lis) was adduced as the cause of death -during the earlier period, one 
cannot but see herein a direct proof of how the-diagnosis of the dise- 
ases of old people had. advanced. 
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Table 6. 


Annual morlalily in Stockholm per 10,000 inimhilants from senile dcbiliiv 

(marasmus senilis.) ^ 


Age group 

j\Icn 

Woigeu 


1871—90 

1934—38 

1871—90 

1934—38 

60 — 80 Years 

44.7 
■ 1,046.4 

6.5 

136.1 


7.9 

243.0 

over 80 » 

961.7 



In comparison with the marked decrease in the diagnosis of 
death from senile debility the increase in cancer mortality in the 
higher ages is but modest. In the ages from 60 to 80 years the 
diagnosis of death from marasmus senilis has diminished 25 more 
than cancer mortality has increased. Such a comparison makes it 
difficult to conceive of an}'^ actual increase in cancer mortality in 
the higher ages. Even if the term senile debility may give rise to the 
suspicion of undiagnosed cancer, the increase in the figures for can- 
cer mortality is thus in itself insnffient to explain the diminished 
role played by senile debility as a cause of death. Vascular diseases 
have taken over the role formerly played by senile debility as the 
dominating cause of death in old people. From 1871 to 1890 senile 
debility constituted, for ages above 80 years, one half of the diagno- 
sis of cause of death and vascular diseases only about one tenth. 
During the period 1934 — 38, on the other hand, the reverse ^Yas the 
case. 


Table 7. 

Annual morlalily per 100,000 inhabilanls in cerlain causes of death in Sweden 
according to the Official Statistics. 


• Period 

Unknown 
cau.se.s of death 

Senile debility 

Tumours 

1911—1915 

77.2 

227.5 


1916—1920 

56.8 

214.6 


1921—1925 

36.7 

194.G 


1926—1930 

22.2 

170.7 


1931—1935 

11.7 

153.1 


1936 

4.7 

145.6 


1937 

4.5 

139.8 


1938 

3.8 

129.5 
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In conclusion, it may be of interest to give some figures tojllu- 
stratc tlic situation for the whole Swedish population. In table 7 are 
given figures representing the number of deaths per 10,000 inliabi- 
tants on account of tumours, senile debility and unknowm causes. 

These figures show that up to the present time the frequency of 
tumours as cause of death lias increased, while Senile debility 
and unknown causes of death have diminished. As a matter of fact 
the increase in the frequency of tumours is much slighter than the 
decrease in the two other di.sease-groups. This may be due to the 
fact that when the diagnoses become more sure, unknown causes of 
death are distributed among not only tumours but also among other 
more definite causes of death. It is, further, of interest to consider 
figures from the Swedish rural districts, where in respect of the 
cause of death a distinction is dravTi between proved and probable 
cause of death (Cf. table 8.) 


Table 8. 


Percentage distribution between »provcd» and >>prob(ibk.o causes oj death in 
rountnj districts of Sweden in the groups tumours and senile debility according 

to the Ojlicial Statistics. 


Period 

3'umoiirs 

.Senile 

dehilily 

l-’rovcd 

Prolialilc 

Proved 

Probable 

1011—1915 

09 .9 

30.1 

m 


lOUi— 1920 

71.5 

28.5 

■SH 

81.4 

1921—1925 

71.3 

28.7 

20.5 

79.5 

192(5—19.30 

75, 1 

21.9 

25.9 

71.1 

1931—1935 

81.2 

18.8 

35.0 

(55.0 

193(5 

83.8 

1(5.2 

•10.(5 

59.4 

1937 

85.2 

M.8 

32.9 

57.1 

1938 

83.3 

15.7 

•12.9 

57.1 


Deaths in the country districts are of course not always diagnosed 
by physicians, Jiut the data concerning cause of death arc controlled 
by medical officials, who state whether the diagnosis is to be regard- 
ed as »proved)) or only as »probable». (As has previously been men- 
tioned, all causes of death in the urban districts are controlled by 
medical practitioners.) It emerge.s from the figures that the per- 
centage of proved deaths cainscd by tumours rises considerably up 
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to the present time, and the percentage of cases with only probable 
diagnosis diminislies. As regards senile debility the development is 
the same. The percentage of demonstrable cases increases and the 
percentage of only probable cases decreases. The figures give a de- 
finite impression that the data have become increasingly reliable 
right up to the present. 


Table 9. 


Annual morlalHy per 100,000 inhabitants in various age-groups in cancer and 

seriile debility. 


Period 


Cancer, age-group 


Senile 

0—40 

40—50 

50—60 

60—70 

70_c^ 

debility 

1911—1915 

1916—1920 

5.0 

89.3 

240.9 

494.2 

691.3 

227.5 

214.6 

1921—1925 

5.0 

83.6 

242.9 

516.6 

774,6 

194.6 

1926— 1930 

5.1 

84.9 

228.0 

515.6 

854.7 

170.7 

1931—1935 

5.8 

81.4 

223.5 

510.9 

906.9 

153.1 

1936 

6.2 

88.8 

220.4 

527.5 

980.2 

145.6 

1937 

6.7 

79,3 

233.6 

497.6 

957.6 

139.8 

1938 

6.3 

81.8 

215.8 

489.0 

971.4 • 

129.5 


Against this background it is now of interest to investigate the 
cancer-mortality in different age-groups. We find (cf. table 9) that 
mortality is fairly constant or has possibly diminished slightly up 
to the present time. The slight decrease is possibly connected with 
the fact that to a certain extent cases of disease could be treated 
successfully, so that the patient was restored to health 'and. later 
died of some other disease, or in any case so that the death was post- 
poned. This does not, however, hold good for the highest age-group 
over 70 years. For this group we get a strong increase, which, as 
appears from the table, should be seen against the background of a 
decrease in the mortality from senile debility. The figure should , 
probably simply be taken to imply that for the highest age-group 
increased diagnostic possibilities obtained, which resulted in the 
number of deaths from senile debility diminishing at the same 
time as the diagnosed cancer-mortality increased. 

The figures for the whole of Sweden thus lend no support for the 
assumption that any considerable increase in the risk of dying of 
cancer has taken place. 
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Summary. 

Tliis study aims to contribute to the discussion Yvhether there is 
• an actual increase in the cancer frequency. The author maintains, 
that the solution of this problem lies mainly in mortality statistics. 
Several phases of cancer statistics are discussed in a review of the 
litterature. The importance of age grouping of the materials is 
emphasized. Statistics of cancer mortality from districts with well 
analysed causes of death supports the assumption, that no actual 
increase in the cancerfrequency exists. 

The authors own investigation is an inquiry into the cancer 
mortality in Stockholm during the last seventy years. It is shown 
that the official statistics of this city is a valuable -source for the 
study of cancer frequency. Tlie present studj' of the figures of Stock- 
holm supports the opinion, that there is no actual increase in cancer 
frequency. Finally the author gives figures to illustrate the cancer 
mortality throughout Sweden. The result of this review agrees 
with the previous conclusion. 
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Treatment of subacute bacterial endocarditis 
(endocarditis lenta) with heparin. 

liy 

CARL-OLOF OLDFELT. 

{SubnuUcd for imblicalioii Aiif'iisl 28, 1942). 


Since the inlroduciion of sulfanilamide and its derivatives in the 
treatment of bacterial infections it has been extensively used in 
various countries in the attempts to find a cure for subacute bacte- 
rirl endocarditis (endocarditis lenta). The subject has been treated 
in some detail in monographs by Long and Bliss (1) and by Domagk 
and Hegler (2). The results achieved, however, have been relatively 
discouraging. One of the reasons for the man}' failures was thought 
to lie in the fact that the hacteria in the secondary nidus on the 
valves of the lieart could not be affected by antibacterial snlislanccs 
circulating in the blood. Tlic reason for this, in its turn, was to be 
sought in the structure of these secondary foci. 

The generally accepted view is that the deposits on the valves 
arc thrombotic in origin and that they have arisen from the depo- 
sition of fibrin and platelets by the blood circulating in the cardiac 
chambers. They are composed of an outer layer of fibrin and 
thrombocytes, an under layer rich in bacterial vegetations, and 
finally, underlying this, a fairly wide /.one of necrotic tissue and 
fibrin. This lowermost layer merges, in its turn, into the more or 
less changed valvular tissue. Owing to the fact that the outer layer 
composed of thrombocytes and fibrin constantly increases in 
thickness, the bacterial vegetations arc probably always protected 
from the influence of bactericidal agents in the. blood stream, and 
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the bacteria are continuously being supplied with a new substratum 
for continued vegetation. 

It was on the basis of this theory that Kelson and White (3), 
and Friedman, Hamburger, and Katz (4), began using heparin in the 
treatment of subacute bacterial endocarditis. The following passage 
is cited from the paper ^ submitted by the first-mentioned workers. 
»By present means it appears impossible to increase the number ot 
phagocytes and draw them into contact with the bacteria, to dissolve, 
the vegetations or to induce granulation Avithin them. One can 
attempt, however, to prevent further thrombotic deposition on their 
surface in order to (1) restrict the'nidus and culture medium for bac- 
terial growth, (2) prevent embolism from the freeing of fresh thi'om- 
bus, and (3) check the growth of 1;he Amgetations so that proli- 
ferating fibroblasts may fill in the areas thus limited. » 

In the afore-mentioned Avork by Kelson and White, seven cases 
are mentioned and in three the results were favourable — in tAvo the 
process had, healed and in the third there were still no symptoms 
after a four-Aveeks’ observation period. Kelson and White adminis- 
tered heparin by continuous intravenous drip for 14 days, and the 
heparin dose Avas regulated so as to make the clotting time fWe 
times the normal. Suhapyridine Avas given before, during, and 
after the heparinization. 

As the treatment suggested by Kelson and White seemed theo- 
retically reasonable, and as the preliminary reports Avere relatively 
favourable, the heparin-sulfapyridine method Avas taken up Avith 
much interest by other Avorkers and became the subject of further 
experiments. It Avas even recommended in an editorial in J. A.M. A. 
(116: 1646, 1941) (5). 

Lichtman and Bierman (6) have published an excellent revicAV of 
the treatment results in endocarditis lerita. They found that spon- 
taneous healing occurred in 6 out of 634 cases, i. e. 1 per cent. 
With chemotherapy alone (sulfanilamide and its derivatives) healing 
occurred in 12 out of 198 cases, i.e. 6. per cent. When chemotherapy 
was applied in conjunction Avith heparin, or Avith hyperthermia or 
fever treatment, the number of cases treated Avas small. The num- 
ber cured Avas relatively large, however. With the chemotlieiapy 
and heparin combination 5 cases recovered out of 43 treated, i. e. 12 

^ !>A new method of treatment of subacute bacterial endocarditis using 
sulfapyridine and heparin in combination: preiiminary report#. 
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per cent; with chemotherapy and elevation of tlie body tempera- 
ture (by tlie application of warmth or by the injection of typhopara- 
typhoid vaccine) 9 out of 46 cases' were cured, i; e. 20 per -cent. 
Thus, In these small ser es, the combined methods yielded better 
results than chemotherapy alone; the combination of a raised 
body temperature and chemotherapy seemed especially promising. 

As regards the value of the heparin and chemotherapy combi- 
nation, certain doubts have arisen as time has gone on. Friedman 
(7), who was one of the first to suggest this combination, now con- 
siders that heparin, either alone or in the mentioned combination, 
is not effective in the treatment of subacute bacterial endocarditis. 
Leach, Faulkner, Duncan, McGinn, Porter, and White (8) reported 
that, of 18 cases which had chemotherapy alone, 1 was cured, and 
of 17 which received chemotherapy as well as heparin, 3 were cured. 
They summarized their findings as follows; ftSulfapyridine and 
perhaps sulfathiazole are useful drugs in the treatment of subacute 
bacterial endocarditis. Heparin has not alone been effective in the 
treatment of the disease, but it may have acted as a favorable 
adjunct in some of the cases in which recovery occurred (3 out of 4).» 
In a note appended to the paper cited, Kelson (8) remarked that the 
prospect of succeeding with the combined heparin and sulfapyridine 
treatment is wholly dependent upon whether or not the infection 
can be influenced by .sulfapyridine. If it can not, then the heparini- 
zation has no effect. McLean, Meyer and Griffith (9) also expressed 
doubts as to the usefulness of heparin in the treatment of endocar- 
ditis lenta. 

Three clear-cut cases of subacute bacterial endocarditis of the 
lenta type have been treated during 1911 and 1942 at the medical 
clinic at Karolin.ska Sjukhuset, in accordance with the principles 
followed b}’’ Kelson and White. A report of the cases is appended 
further on in this communication. 

At the postmortem examination performed on one of these pati- 
ents (no. 3) a fresh deposit of red thrombus on the valves was ob- 
served. The heparinization had obviously not succeeded in p 7 -e- 
venting the continued deposition of thrombotic material on the. 
valves. Thus, the basic condition for a successful therapeutic result 
was not fulfilled according to the theory underlying Kelson and 
White s heparin treatment. Heparin is the physiologic anticoagu- 
lant agent, but whether it prevents a precipitation of fibrin on in- 



588 


CARL-OLOF OLDFELT. 


flammaiory tissue is perliaps open to doubt, at least with doses o! 
the size given in the cases to be reported. 

Fletcher (10) asserted that, if tlie reasoning upon which the treat- 
ment of Kelson and White is based is really correct, then heparin 
alone ought to be effective in dealing with subacute bacterial 
endocarditis, without a concurrent administration of sulfanilamide 
derivatives. In this author’s opinion, the antibacterial defences 
inherent in the -organism itself ought to be capable of overcoming 
the Slrcpiococcns viridans, which is of no great virulence, and if the 
continued deposition of fibrin and platelets on the valves could he 
stopped the infecting foci would be sterilized by the organizing 
connective tissue. Working on this assumption, be tried heparin 
alone in a case of endocarditis caused by Sir. viridans. The heparin 
was administered for 14 days by intravenous drip on the Kelson and 
White principle, and the clotting time was kept at or above four 
times its normal value. Tbe patient died of cerebral hemorrhage 
while the treatment was in progress. At autopsy it was found that 
the deposits on the valves were essentially the same as those observed 
in untreated cases, and that recent deposition of fibrin had taken place. 
Fletcher stated; »It may be concluded that heparin treatment of 
subacute bacterial endocarditis is both dangerous and ineffective.;) 

The observations made in regard to the cases to be reported 
from Karolinska Sjukhuset tallied in the main with those of 
Fletcher. Thus, in these cases of endocarditis, heparin could not 
prevent the deposition of fresh thrombotic material on the valves of 
the heart. The postulate that the disease can be favourably influenced 
by heparin therefore did not apply. 

It may be mentioned that the view that the deposits on the val- 
ves are composed mainly of thrombi thrown off by the blood passing 
through the heart chambers is not held by all workers. Allen (12), 
for instance, considers that the majority of the »deposits» are prob- 
ably derived from the valve itself — that they are proliferating and 
necrosing fibroblasts and other valvular tissue. He mentions that 
normal valves are poorly vascularized, but that in patients who have 
had rheumatic endocarditis the valves contain capillaries. In sub- 
acute bacterial endocarditis these vessels might deliver blood con- 
stituents in the valve. It is also possible that a neAV formation of 
blood vessels takes place during the course of a subacute bacterial 
endocarditis just as it does in all other inflammatory processes. 
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Case t. I. S. A., a marrieil woman of 25. Stay in liospital, .hmc 27, 
1910, to July 15, to il, and Nov. 19 to Doe. 1, 1911. 

Tills was a tyjiiral rase of snliarnte bacterial endocarditis of the scjitic 
tyjie. Till' patient had a combined le.sion of the aortic and mitral valvc.s 
ns a result of rheiiniatie polyarthriti.s at the age of 9 years. There were no 
signs of cardiac incompensation. About l-t days before her admission to 
the hospital her tenijieratnrc rose to between .■t9°C and •l(i°C without local 
syniptoms. A blood ciillure was jiosilive for al))ha hemolytic strejitococci. 
Thi.s patient lived for ahont one and one-half years after the apiiearance of 
the bacterial endocarditis symptoms, .‘'he was cared for at the clinic for a 
little over a year, then at home for a few months, and she was finally re- 
hosjiitalized a week before her death. 

She was given various sulfanilamide derivatives, the best effect being 
achieved with siilfajiyridine. Thi.s pre]iaration was administered for about 9 
irontlis, in a dose of 7 g a day, which gave a blood level of 13 — l-t mg per 
hundred ciihic centimeters (free =' total). No signs whatever of granulo- 
cytojicnia were observed. It was [lossibletokeeii the leniperatiiresiibfebrile, 
or afebrile, hut blood cultures still yielded growths of alpha hemolytic 
streptoeocei. Concurrently with this treatment, a dose of 75 iiig of heparin 
was administered -t limes a day for 22 days through an Olovson (13) needle. 
.•\t this stage the ]>atieiit ^Yeiglled about -15 Kg. No determination of the 
clotting time was done. No effect from the hei>nrin treatment was noted. 

In this case, the course of the di.>-ease could not be checked even though 
very large doses of sylfaiiyridine were given for an uncommonly long 
Iteriod; nor did the heparin Ire.atmenl h.-ive any noticeable effect. The 
patient finally died of the after-effects of cereluid embolism. The emboli 
did not develop, however, until long after the close of the heparin treatment, 
and had no connection vvitii it. ('I'he case is rejiorted in detail in Nordisk 
Medicin 1-1; 1831, 19 12.) 


As regards the hcjiarin dosage in this case, as in the two following cases, 
the jirinciple followed was that agreed ujmn at the Annual Meeting of the 
.‘Swedi.sh Society for Internal Medicine in 1910 (ii). 

Case 2. K, E. H., a married woman aged 27. ■''lay in hosjiital, Jan. 23 
to Apr. 7, 19-11. 


This was a well-defined case of fairly far-advanced subacute bacterial 
endocarditis of the septic type. The patient already had a chronic valvular 
disease - — aortic regurgitation, — but she was not decomjiensated. She 
contracted fever without local symiitoms about 7 months before her ad- 
mission to Karolinska Sjukhusot. She had been treated at another hospital, 
however, for 5 months before being admitted to our clinic, and during that 
time she had had high fever, with a lemiieralure ranging between 38°C 
and 30® C. A blood culture contained growths of alpha hemolylic strepto- 
cocci. On her admission, her lemjieralure was 39.1®C and there were signs 
of lesions of the aortic and mitral valves. She was emaciated and weighed 
37 Kg. After receiving sulfapyridinc (1 g X G) she became afebrile, but 5 
daws later a toxic exanlhcm, with arise in temperature reaching SO'C, ap- 
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peared. blood levels were 33.2 mg per hundred cubic cenlimeters of 
free and 15.9 mg per hundred of total, sylfapyridine. . The sulfapSin ' 
medication was continued despite the exanthem but the tempera^ 
no subsequently fall below 38° C. After a negative blood cuItL had been 
obtained, heparin therapy was started in accordance with the Kelson anrf 
White system - 75 mg of heparin were given 4 times a day through an 
Olovson needle, and this heparinization was continued for 14 days The 
clotting time was not determined. After 11 days granulocytopenia deve- 
loped, the lowest white blood count being 2,000 per mm^, Vhe sulfapyri- 
dine treatment was broken off but the heparin rvas continued for a further 
3 days. ]\To effect from the heparin was apparent. The patient overcame the 
leukopenia and about 14 days later leukocytosis was present (22,000 whites 
per mm®). Growths of alpha hemolytic streptococci were still present in the 
blood cultures. Another attempt with heparin was now made, 75 mg being 
given intravenously 4 times a day through an Olovson needle lor 31 days. 
The temperature was still in the neighbourhood of 38° C. During the hepari- 
nization the patient expired, the immediate cause of death being a subdu- 
ral hematoma. At autopsy large friable deposits of the aortic valves were 


seen, two of them showing perforation. The deposits on the posterior aortic 
valve encroached upon the anterior mitral valve. (A detailed report of the 
case appeared in Nordisk Medicin 14: 1834, 1942.) 


Case 3, A. L. S., a female clerk aged 18. Stay in hospital, Jan, 9 to 
Mar. 2, 1942. 

A typical case of subacute bacterial endocarditis. She had had a chronic 
valvular disease — combined lesions of the aortic and mitral valves — 
since the age of 12, when she had rheumatic endocarditis, but there were no 
signs of cardiac insufficiency. Just before her admission to the clinic the 
patient had given birth to a child (Dec. 19, 1941). Her pregnancy and deli- 
'very had been normal. The subacute bacterial endocarditis had probably 
started some time at the beginning of December 1941, in connection with an 
acute infection in the upper respiratory tract with nasal catarrh, a tem- 
perature of about 40° C, and an ache in the left hip lasting a few days. 
Sulfathiazole was prescribed and the patient took about 50 g before her 
admission. She was afebrile as long as she was taking the tablets but the 
temperature -rose as soon as she discontinued them. On her arrival at the 
obstetric clinic (Dec. 19, 3941 ) her temperature was 37.6° C. She was deli- 
vered the same day. Her temperature subsequently varied between 38° C 
and 39° C, and during the week before her admission to the. medical 
clinic it was between 37° C and 38° C. She had received 1 g of sulfathiazole 

5 times a day, but on account of a suspected toxic exanthem the drug was 

withdra^vn just before her transference to our clinic. 

When admitted to the medical clinic the patient was in good condition 
and showed no clinical signs of failing cardiac function. From the he^t 
there -were indications of a combined valvular disease (stenosis and insuffi- 
ciency of the' mitral and aortic valves). Just before and after her admission 
blood cultures yielded abundant growths of alpha hemalj'^tic streptococci. 
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Tlie patient was treated at the clinic for a little more than 7 weeks before 
she died. The temperature was continuously febrile; for the first 14 days it 
varied. between 39° C and 40° C, and subsequently betw'een 38° C and 39° C. 
Three days after she arrived, when the diagnosis had been fully confirmed, 
treatment with heparin and sulfapyridine, or sulfathiazole, was begun . The 
amount of the sulfanilamide derivative varied, but the blood level was 
generally maintained at 6—12 mg of free sulfapyridine or sulfathiazole per 
hundred cubic centimeters. To begin with, the heparin dose was 75 mg 4 
times a day. (The patient weighed 52 Kg, and calculated on an amount of 
1,5 mg of heparin per Kg of body weight she should have received 78 mg 4 
times a day.) After 11 days the daily heparin dose was increased to 55 mg 
6 times, and after a further 3 days to 60 mg 6 times a day. This latter dose 
was continued for 35 days (until the patient’s death). Thus, heparin was 
given for 49 days. It was administered for 5 weeks through an Olovson 
needle, and for the remaining period by intravenous drip. On account of 
nausea and vomiting, for the last 12 days an intravenous drip had to be set 
up and the chemotherapeutic agents and lieparin injected through the tube. 
During practically the whole period there \vas leukocytosis, the white cell 
count being between 10,000 and 20,000 per mm®. With the aid of blood 
transfusions (to which heparin was added) the hemoglobin content was 
maintained at about 70 per cent and the number of red blood cells at about 
3,500,000 per mm®. After 52 days’ treatment the patient expired, exhibiting 
the picture of a cerebral hemorrhage wliicli had developed within a few hours . 

The following passages are cited from the postmortem examination 
(performed by Docent Ringertz). 

)>Aortic valves: Marginal fibrosis, and an old, healed lesion were present. 
Atone area, roughness and tough, flaky deposits. On tl)e anterior valve, 
a tough polypus the size of a brown bean, with a fresh (red) thrombus on 
its cupola. Jfitral valves: On the anterior valve, a polypus similar to that 
on the aortic valve. There w’as also rough scarring on the posterior valve 
and on the posterior wall of the left auricle covering an area the size of a 5 
ore piece. The aortic ostium was narrowed to less than two fingers’ breadth; 
a certain insufficiency seemed in question here. The mitral orifice would not 
admit two fingers. Microscopically, the valves of the heart presented the 
picture of an ulcerous Ihrombo-endocardilis. In places there wore only 
old lesions showing vascularization and fibroblastic proliferation. In most 
of the areas examined, horvever, an acute thrombo-ulcerous process, with 
plentiful leukocytic infiltration 'and bacterial foci in llic tlirombi, was 
superimposed on these old lesions. 

Autopsy of the brain revealed under the dura on the leftside a blood 
clot containing about 100 cm® of blood, and concentrated around a walnut- 
sized focus at the left occipital pole, A number of small, massive hemor- 
rhages were present in the cortex and in the subcortical white matter.^ 

Thus, in this case, a fresh red thrombus was formed on the valves during 
the heparin treatment. The heparin do.ses were comparatively largo — 

towards the end of the treatment, 36 n mg per day for a person weighing 
about 50 Kg, ^ 
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Summary, 

A report is made of three cases of subacute bacterial endocarditis 
(endocarditis lenta). The patients Avere treated Avith sulfapyridine 
and .heparin. The heparin proved to be ineffective in these cases — 
the clot formation AA^as not preA^ented. 
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Heparin treaiment in cardiac insuHiciency with 
intermittent auricular fibrillation and 
multiple embolism. 

By 

CARL-OLOF OLDFELT. 

(Submitted for publication August 28, 1942). 


Since the chemical nature of heparin was cleared up by Jorpes 
and a sufficiently pure preparation was made available on the 
market, it has been extensively used In the treatment of thrombosis, 
both as a prophylactic and as a curative for already existing throm- 
bosis in the vessels forming the sources of the iliac and femoral 
veins (Crafoord, Wetterdal, Bauer, Hellsten). As far as the specific 
internal diseases are concerned, the use of heparin is still fairly 
limited. Nevertheless, favourable, results have been reported, 
in a few instances, regarding the treatment of thrombosis in the 
posterior inferior cerebellar artery, the Wallenberg syndrome (Mag- 
nusson). Heparin is at present also being tested as a therapeutic in 
coronary occlusion; no definite statements as to. its effectiveness in 
this difficult field have as yet been made, however. 

At the medical clinic at Karolinska Sjukhuset, we have tried 
heparin treatment on a few patients suffering from cardiac insuffic- 
iency with intermittent auricular fibrillation and emboli in various 
parts of the body, and as far as could be judged the results were satis- 
factory. 

During periods of auricular fibrillation, which are often manifesta- 
tions of intensified cardiac insufficiency with dilatation of the 
jfl — Acta mcd. scandinaw., Vol. CXII. 
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auricles, thrombi sometimes form in the auricles. It is well known 
that the risk of embolism resulting from thrombi thus formed not 
seldom exists if the heart begins to contract with greater force, as 
it does, for instance, under digitalization. If thrombus formation 
could be prevented, in insufficiency of the mitral valve with auricu- 
lar fibrillation to take an example, the attacks of embolism might 
be forestalled. Clot formations might possibly be prevented by 
heparinization of the patient. It is of course not certain, or even 
probable, that any permanent improvement can result from this 
measure, since heparin cannot be administered indefinitely. We have 
made an attempt with two patients, however, and have achieved 
good results, at least as regards the case in which the observation 
time has been fairly long. The reason why the improvement has 
been lasting cannot be stated with certainty. 


Case reports. 

Casel. (No. 152/1940). M. E. _K. N., a widow aged 54 year's was admitt- 
ed to tlie medical clinic under the diagnosis cardiac infarction, which sub- 
sequently proved to be correct. During her stay in hospital she suffered 
from intermittent auricular fibrillation and repeated attacks of pulmonary 
embolism. On account of these attacks which, as already mentioned, might 
have been causally connected with the fluctuations in the heart rhythm, she 
was heparinized for a certain time. In direct connection with this treat- 
ment a striking change for the better occurred — there were no further 
attacks of pulmonary embolism, the heart beat became regular, and the 

patient was discharged as well as she had been before the start of her illness. 
After a two-year observation period she is still in good health, has managed 
her own household, taken daily walks, and not suffered especiallj’^ from 
shortness of breath. She has had isolated attacks of auricular fibrillation 
and precordial pain. It is the notfceable improvement occurring in con- 
nection with the heparin treatment that has led to the publishing of the case. 

Case history. The patient was born in 1886. Her previous history con- 
tained nothing relevant until 1920, when she had clots in both legs after 
an attack of typhoid fever. Since then she had occasionally felt as if her 
heart »skipped a beati), particularly when the abdomen had been distended 
with gas; possibly also, she had been shorter of breath than before. For 
about 14 days in 1924 or 1925 she had had an ache and swelling in the right 
knee and a temperature of about 38 C. The phj'^sician called in diagnosed 
the condition as rheumatic fever. In 1938 she had areturn of the discomfort 
in the right knee and spent some time at the surgical clinic. Tuberculosis 
Avas suspected, but a specimen taken did not confirm this. In the summer 
of 1939 her hands and Avrists ached and swelled. 
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In the summer of ifSii also, a sudden nocturnal attack of uneasiness, 
palpitation, and irregular action of the heart, lasting two liours. No further 
attacks until February 1940, when she had another one similar to the last, 
^he was hospitalized under the diagno.sis chronic valvular disease and paro- 
xvsmal tachycardia. On auscultation the cardiac rliythm was regular, and 
a'blowing systolic murmur, audible over the entire heart, was soft over the 
ape.v and harsh at the aortic area. The blood pressure was 210/110. Ala 
roentcen examination the heart showed regular pulsations. The heart 
measured 12.5 cm in length. 10 cm in width, and 9 cm in depth, and was 
normal in size and shape. The heart volume was -ISO cm’ — 280 cnF per 
square metre of body surface. The hili of the lungs, the pulmonary 
parenchyma, and the pleurae presented no roentgeiiographic abnormalities. 
The patient was discharged after a w«-ek's observation and put on 0.1 gof 
quinidine sulfate twice a day. 

She had no further heart trouble until .\ug. 29, 1940. when she had 
fresh attack.s of cardiac irregularity, fever, and general malaise; she found it 
difficult to lake deej) breaths. The following day f.Aug. 30), another attack 
of heart trouble and precordiai pain, and one day later (.\ug. 21) still 
another, with pains around the heart and irregular rhyUiin. On tsept. 2, 
after .an attack of unusually severe pain, she was hospitalized. 

Pht/siral exnminctinn. {Sept. 2. 1910! No p,ain since her admi.ssion. Her 
general condition was unaffected and there were no definite signs of in- 
compensation. The heart rate was rapid, ami regular for the most part, with 
an occa.sionni. quick auricular fibrillation. Over the third left interco-sial 
.space, adjoining the sternum, was he.anl a murmur which was difficult to 
localize a.« to time hut which wa.s po<sihly a pericardial friction nih. Dlood 
pres'ure. l.'^TOO, I.r ukocyte count, 10,200 p^r mtiF. .'Sedimentation rale. 
7.5 mm in 1 hour. Temperature, 27.9 C An ejeefroc.irdiogram taken the 
same day showed the rhythm to be regular. Heart rate. 120 beats per 
minute. A — V condiietioii time 0 . 1.5 see., anfl Q — s time o.o.S 'phe 

ventricular complexes showed normal tracings. The S — T s*'ginenl was also 
normal. Roentgenognuns of the henit and lungs taken 011 Sept. 7 yielded 
the following information. Heart volume. nCiOeiiF per.'^tiuare metre of bod.v 
surface. No ahnorinaiity in the shape nr size of the heart. The aorta was 
f.airfy Jong hut di^jilayed no loeal dilatation. No stasis or other pathologie 
ciiange.s ajip.arent in tlie lungs. In the left fdeitra theri; u'.as a minimal quan- 
tify of free fJuid. At aiiseulfation a .systolie iminniir, loudest over the third 
left intercostal space and elos.> to the sternum, was heard afli'r the ht'art 


rate had somewhat .subsideit. In all j.robability it was a question of cardiac 
infnrclhn, .aJthougJi ejeefrocardiegraphic ehmiges wore not yet evident. 

The iiatieril was treated with theophyliim- and P.iridigal (a /ligi'mhV 
hnnir pre{)aralion/, and for the ne.vl .six weeks her rotulilifin was fairlv 
safi.sfaclory. .^he isad occasional attacks of auricular fibrillation, and Hie 
blood pre.ssnre remained at alKuii, 14.5/1O0. Her teinj.oradure bordered on 
.'iihfebrile. On Oct. 12 the temperature rose and jiaiiis were experienced in 
f Ik- Jeff fiirra.v on deep inspiration. A rocnlgen examination revealed a 
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pa end, j mal area o density at tJ.e base of thelungs. Anscdialion vi-l.*, a 
nothing new from the heart or lungs. An dcclrocardiogran, now i 
depression of the S-T segment wind, might wd( have been duo to th,.!ii t 
tabs effect. The elevation in temperature lasted for ahout a week tlio t,i 'i 

est level being 38.8C. Some days aftortheappearanreof the painvlulln^u 

and weakened respiratory sounds were heard basallv over the led Iiti' 
The temperature again became subfebrile. Occasional attacks of aiiricd <r 
fibrillation occurred and a murmur, which was interpreted as a poricardid 
friction rub, was heard. There were still no dcctrorardiograi.hic 
infarction. This was probably the first attack of pulmonary crnlwliMn. 

About a week after the temperature had returned to iioriaal, it m*' 
again to over 39 C, and she experienced a stabbing pain in the ridit si.k 
(Nov. 1). Tlie white cell count was about 1 . 0 , 000 . A physieal examinati'm 
of the lungs now produced no signs of a piilmonal or pleura] proffM. A 
couple of days later the patient complained of smarting pain lichimi tt,- 
sternum and of a sensation of heaviness on inspiration. The jH-ric.-iriliji 
friction rub was still audible over the heart. The cardiac rhythm wa' r< tni- 
lar. The temperature varied between 38 C and 39 C and remained at t!ii< 
level for about 4 weeks. An electrocardiogram taken on the first day of 
this fever period showed no variations from the previous tracings. On the 
other hand, an electrocardiogram taken on Nov. I, i. e. l week after th- 
Tieginning of the latest elevation in temperature, showed .signs of aiirinilar 
fibrillation, and among ventricular complexes of normal appearance there 
were some of a divergent type, which were thought to he due to inter- 
mitlent bundle-branch block. Thc_ heart rale was 120— iCO beats j.,'r 
minute. The S—T segments were changed, but the nature of the change 
could not be determined. Another electrocardiogram taken Iw, days 
later still showed evidence of intermittent Inindle-liranch block and aure u- 
lar fibrillation; the tracings were otherwise of the type seen in h-fl ventre u- 
lar preponderance with signs of left-sided myocardial dnmag-n 


weakened respiratory sounds over the base of the right lung 

rale and a pleural friction sound. She fell a stabbing pam in the ng.d «,■ 

■ A-as rather poorly. She had 

:arr;il r 


of the thorax. At this stage she was rather poorly. She had a stitch, v..,^ 


short of breath, and edematous on both forearms 

and in both legs. As bronchopneumonia was strongly -i. f 

dLCasgiL, ,1 'r,:;’; 

which precluded medication by the mouth. -or- 

unchanged. There was an intermittent auricular fibnllato . . 
fort slowly receded and her condition improved ^ ^ ^ ^ ^ ^ ^ 

It is difficult to know what wa.s the reason for 1 • ^ l^ ^ ^ 
and illness, fn the author’s opinion, a fresh coronary . , on 

cardiographic changes '^hirh later persisted), rmd pub . 

tJie right side (the pleural friction sound and the oil 
most probable explanation. -if.-br^ -, 7! " l’'» 

At the beginning of December the f-g. . . 

was tbc. same as before. .Sbe was still faintly ema u 
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and had a slight stitch and a friction sound over the right lung flank. No 
friction rub over the heart. The rhythm was regular. In the middle of 
December, a new rise in temperature, of relatively short duration, and a 
simultaneous auricular fibrillation attack; then a rather long, afebrile period 
until the beginning of January 1941, when a slight temperature rise accom- 
panied by a stitch in the left tliorax and pleural friction sounds occurred. 
These symptoms persisted for a fairly long period but finally, at the end of 
January, the temperature became afebrile again. On a roentgenogram it 
was seen that the heart measured about 14 cm in length, 10,5 cm in width, 
and 8.5 cm sagitlally. The heart volume ivas about 525 cm®. A small pleural 
exudate which, when the patient lay on her left side, shifted out along the 
thoracic wall, was visualized in the left thorax. The lungs and heart other- 
wise presented a roentgen picture similar to that already obtained. 

The findings were compatible with a fresh attack of pulmonary embo- 
lism on the left side. 

At the beginning of February 1941, another elevation in temperatui'e 
reaching over 38 C. and lasting just about a fortnight. There was now a 
pleural friction rub over the right lung base. Probably another attack of 
pulmonary embolism, this time to the right. 

An electrocardiogram taken on Feb. 3 now clearly indicated right-sided 
bundle-branch block in all ventricular complexes. (This heart block, and 
otherwise unaltered tracings, were present on all subsequent electrocardio- 
grams, the last of which was taken on Apr. 25, 1942.) 

After an afebrile period lasting about 3 weeks another arrhythmic 
period with a temperature rise and a right-sided pleural friction rub. set. in 
during the first days of Afarch. A probable pulmonary embolism to the right. 
’ On Mar. 11, a further rise in temperature, uneasiness, precordial pain, 
arid a chafing sensation in the left thorax. The blood pressure ivas about 
90 mm, (It w'as, as a rule, 120 — 130 mm at this stage.) After stimulation 
she was better. Pulmonary embolism to the left was the probable cause of 
the trouble. 

On Mar. 12, the following entry ivas made in the records; i>The patient’s 
repeated attacks of pleural irritation (friction rubs and stabbing pains), of 
varying location, are presumed to be due to pulmonary emboli. Their origin 
is unknown, but it is believed to bo the right auricle. It is thought likely 
that the emboli are thrown out during the alternation between the auricular 
fibrillation and the regular heart rhythm. On the basis of this supposition 
heparin treatment is tentatively started.* The patient received 75 mg 4 
times a day through an Olovson needle. This heparinization proved satis- 
factory. The blood pressure showed a slight tendency to fall in connection 
with the injections but this could be avoided by a slow rate of injection. 
The temperature fell rapidly to afebrile, there ■were no further subjective or 
objective signs of pleural irritation (pulmonary embolism), and no attacks 
of auricular fibrillation. The heparinization was discontinued after 3 weeks. 
By that time the patient’s general condition was excellent, and she could sit 
up. She was discharged on Apr. 10. 
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During almost the entire period slie was given I'andi -.l fa /r - 
lanata preparation), theopl.vlline, and phenoh^hilal. 'or L 

Ime. Her ank es sometimes swell towards evening, and s)ie lus iud L.' 
sional short attacks of auricular fibrillation and precordial pain, 'fh.- laihi 
\vero the cause of a short stay at the clinic in April llUJ. No in.,rk. d 
change of the-status was noted. A roentgenographic e-xaminatUm .■.Imu.d 
that the shape and size of the liearl had not clumgcd .since the i.reodi,,, 
examinations. The pleural area of density at the ba.se of the Idt 
nionary field had completely disappeared. ’.\'o fresh changes were app..f> It 
in the pulmonary fields. 


Case 2. (No. -I'iTlVl.) D. M. J.. a married woman aged ,j 7 ye.ir>, h i.i 
been treated at the clinic about 8 months earlier on a diagnosis of rhronk 
myocarditis, marantic thrombosis, and thrombosis of the left leg. .•^he h.id 
first been admitted to the surgical clinic on a suspicion of .'t[ipeadi< iti^ ioii 
because of her low state of health the operation had not been perfotnii d 
Imiiiediately prior to her admission siie had .siiddenly heiome ill frein 
epigaslricpains which radiated toward llie rigid iliac (ossa and out mlo Ih- 
back. Adullachein tlie abdomen alternated with lliej,ains. Shew, is fender 
over .McBurney’s point, and leukocytosis wa.s present, Tlie pains gr.tdn.dly 
disappeared but the temperature remaineii suhfehrile, During her st.iy at 
the surgical clinic a blood pressure of k‘30/loi) mm llg was niea-iifed sle- 
had had heart trouble for several years in the form of oic.iMon d i.god 
uneven beating. \V'liile at the surgical riiiiic left liemijilegia develo/.ed with 
out causing disturbance of the speecii facitlly. .\n eiei troi arde'.'f.im 
showed faint signs of myocardial damage in tlie form of sni.ill depr-, .'sem. of 
the S— T interval. On e.xaminalioti at the medical clinic reduced mu-. -dir 
power in the left arm and leg were nofed. Tiieelecfrof,if'li»gr.ip!uc tr.o^!r...| 
now plainly showed depression of the .S— T intervals. After a f. c. .{<> - 
observation she was referred to a nursing home. 

In view of the .subsequent course, it is posdble (hat the 
mentioned abdominal pains were camsed by mesenteric eml...iiMii. au- .. i. 
the syiiiptoims from Uie cerebral nervous .sy.sleui wvfc due 


einbolisiii. . ,i i i v 

Her liealth gradually improved to such an e.vteiit tha s o. • 

gel up. Her legs usually swelled in the evcm'iig, parte uiar);. 

which .she was obliged to bandage. 

Tile patient wa.s rt-adtniUed to the medical dmu oii !- 
A.couple of weeks before thks.sbe lia.l „ 

abou t a coffee cup of blood-.streaked .spulunt a d.i.c . a * - ; ^ ^ 
c.xperienced intense jiatms in tJie lower part of lie- . 

arcl), occurring at every breath ami at ecery ^ ^ 

was over 38 C. After the api>earance of the |Min> ■’le - . 


wii i- A 

\u. 

■‘C» ' J-. 

c-:-' 
,q c.-!-e 
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On admission her temperature was 39.1 C and the white blood count 
12 600 per mm^ Sedimentation rate, 47. She was slightly dyspneic and 
rather pale, but not cyanotic. There was no edema. Physical examination of 
the lungs yielded dullness, weakened respiratory sounds, and a pleural fric- 
tion rub at the right base. Over the heart was heard a distinct, harsh systolic 
murmur, loudest at the apex, and a rapid auricular fibrillation. Blood 
pressure', 125/80. A roentgenogram of the lungs showed dorsally, in the basal 
part of the right pulmonary field, a fairly massive, diffuse, wedge-shaped 
shadow its apex pointing towards the hilum of the lung. The right posterior 
sinus was not visible and the right diaphragm was elevated. As the picture 
seemed indicative of bronchopneumonia, sulfapyridine treatment, followed 
by sulfathiazole, was begun. On account of the auricular fibrillation and 
pulse deficit digitalis was given. The temperature remained at 38 C or 
39 G for over a week. Sedimentation rate, 102. After this, she was sub- 
febrile and the sulfanilamide derivatives were discontinued. At a roentgen 
examination of the lungs, after she had been subfcbrile for somewhat less 
than a week, it was found that the shadows at the base of the right lung 
field had decreased. The pleural area of density had increased and was 
now seen to be encroaching on the pulmonary field in a convex bulge from 
ihe back. An encysted exudate was probably in question. The sedimentation 
rate at this stage was 106. The recirds cinlain no mention of when regula- 
tion of the heart rhythm occurred. An electrocardiogram taken on Apr. 8 
showed a regular rhythm, and a myocardial damage was evidenced by 
moderate depression of the S-T intervals. Temperature slill subfebrile. 
Sedimentation rate, 37. 

On Apr. 9 she had sudden severe pain in the abdomen, over wdiich there 
was marked tenderness, most intense in the right iliac fossa. There was no 
true resistance, and no .spontaneous escape of gas. The surgeon consulted 
considered that the jiicturo chiefly rc.scmblod thrombosis of the mesenteric 
vessels (emboli ?). There was no elevation in temperature. Heparin was 
administered in small doses (100 mg x 2) for 3 days, and Iho patient im- 
proved subjectively. Sedimentation rale on Apr. 16, 44. A roentgenogram 
of the lungs on Apr. 21 yielded approximately the same picture as before. 
The temperature was subfebrile. On May 12, the following entry was 
made in the records: )>The patient is suffering from abdominal pains similar 
to those she had before. Abdominal tenderness has persisted and resistance 
has been noted in the right side of the abdomen. Occasional auricular fibril- 
lation occurs. i> The sedimentation rate was 14. On May 21, the lungs were 
roentgenographed , and the shadow visualized dorsally to the right was seen 
to have decreased a little. The temperature was still subfebrile and the 
sedimentation rate 12. 

On May 25, fresh pains in the thorax and the region of the heait. The 
temperature rose to 38.9 C but fell again a couple of days later to subfebrile. 
Sedimentation rale on May 28, 26. As a new attack of thrombosis was susp- 
ected, 100 mg of heparin were given 4 times a day through an Olovson 
needle. Tliepatienl weighed about 38 Kg. On May 29, it was recorded that the 
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pains had disappeared and that the temperature was norma] (?subfebrile). 
The Iieparin therapy was continued until June 3, i. e. tor a total ot 10 days! 
Tlie sedimentation rate was 35. After the heparin was withdrawn the tem- 
perature fell slightly and 14 days later it was just bordering on subfebrile. 
No attacks of auricular fibrillation or fresh signs of embolism have been 
observed since then. The electrocardiogram taken on June 2 still resembled 
the earlier tracings. 

The picture might be interpreted in the following manner. 

The patient had had cardiosclerosis and an intermittent auricular fibril- 
lation for some years. During the past year emboli appeared in various 
parts of her body — in the mesenteric vessels on repeated occasions during 
the previous and the present stay in hospital, and in the cerebrum and the 
lungs. There was possibly a causal connection between the attacks of em- 
bolism and' the alternations in the heart beat — during the periods of 
auricular fibrillation a thrombus might have formed in the auricles and 
been thrown out into the blood circuit when the auricular contractions 
again occurred. On the basis of "this reasoning, Iieparin treatment was 
instituted with a vieiv to preventing the formation of new clots in the 
heart and thus possibly breaking an imaginary vicious circle. In this case 
there was no reason to suspect cardiac infarction. The heparinization of the 
patient had a successful outcome in this instance also; the observation time, 
however, is as yet too short to allow definite conclusions to be drawn. 


Summary. 

A report is made of two cases of cardiac insufficiency with inter- 
mittent auricular fibrillation and repeated attacks of embolism in 
various parts of the body. Tlic patients were treated with heparin, 
digitalis, and purine derivatives. In both instances definite improve- 
ment resulted from tlie heparinization. No further emboli occurr- 
ed, the patients were able to get up, and the attacks of auricular 
fibrillation became less frequent. 
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LVII. 


LIX. 


LX. G. Nylander: Bcilriigc zur Kenntnis dcr Anfunie bci den diffusen 
Nicrenerkrankungen. — 1935. 

LXI. Gunnar Edstrom: Studies in natural and artificial atmospheric 
electric ions. — 1935. 

LXII. Torsten G:son HajslrSm: Takatas modifizicrlc Subliniatfnchsin- 
Tcnktion am Blutscrum als Diagnoslikum bci Lcbcrkrank- 


Iicitcn. — 1935. 

LXIII. Snorre Wohllahrl und Gunnar Wohllari: Mikroskopischc Unlor- 
suchungcu an progressiven Muskclatrophicu. — 1935. 

LXIV. Elsa Segerdahl: t)bcr Stcrnalpunktionen. — 1935. 

LXV. /. L. Bluhm; Working test as clinical inclhod for delcrinining the 
function of the lungs. — 1935. 

LXVI, Tor Engestrom: Beitrag zur Kenntnis der Magcnsaftaciditfit und 
dcr VerclDnnungssekrction dcs Sfagens. — 1035. 

LXVn. Eagnar Gdrdslam: Ober I-Iarnsuurcausschcidung bci Krcalinln- 
bclaslung, — 1935. 

LXVIII. Anfon Jervcll: EIcktrokardiographlscbc Bcftnulc bci licrzinfnrkl. 
— 1935. 

LXIX. Gustav Ntjlin; TJic pliysiologj’ of the circulation during pnhertv. — 
1935. 


LXX. 

LXXI, 

LXXII. 

LXXIII. 

LXXIV. 

LXXV. 

LXXVI. 

LXXVII. 

LXXVIII. 

'lxxix. 


Rullt Svensson: Studies on human intestinal protozoa. — 193.5. 

Birger SlrandcU: Experiments to isolate the anliancniic principle 
of the liver, — 1935. 

Karl Lunding: The symptomatology of divertienhun Xorinnlions 
of the colon. — 1935. 

Robert Hanson: Beport on tiierapciilic tests in certain forms of 
tuberculosis with an antilubcrcuiosis scrum prepared bv 
J. Reenslierna. ~ 193G. 

Hjalmar Holmgren: Studien Uber 24-slundcn-rlivthmischc Vnrin- 
tioncn dcs D.arm-, Lnngcn- und Lcbcrfells. — 1936. 

Karl Schallcr und Dcsidcriiis Aliskolcztj: Analomischc Wesens- 
hdlen™~^1936*^ hcrcdil/irorganischen Ncrvcn-Gcislcskrnnk- 

Jens Bing: Studies on protcimirla »albumimirin». ~ 1936 
dheases '-^S. «mmonia metabolism in 'liver 

dix-scpli(;mc congres dc Mddecine 
~ 1936^ « ^ord tenu fi Copenbague dn 27 nu 29 juln 1935. 

"<■1 i-ib- 

n-csentUchc YcrnndcrmiP Nnhnmg ohne 

1937. ''^>^«»dcrung dcs Encrglcngchnltcs derselben. _ 
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LXXX. 

LXXXI, 


LXXXII. 

LXXXIII. 


LXXXIV. 
. LXXXV. 

LXXXVl. 


Lxxxvir. 


LXXXVIII. 


LXXXIX. 


XCIIL 

XCIV, 


XCVI. 

XCVII. 

XCVIII. 

XCIX. 


Chr. M. F. Sinding-Larsen; On the collapse treatment of nni 
monary Tuberculosis. — 1937. . 

Huga Jelke: Ein mit A. T 10 behandelter Fall von idiopathischer 
letanie samt emer Obersicht liber die Tetanien mit besw 
derer Hmsicht auf Pathogenese und Therapie. — 1937 

Jan Waldenstrdm: Studien Qber Porphyrie. 1937. 

Hugo Engleson: Dysenteriestudien. Eine historisch-epidemio 
loglsche Untersuchung fiber die Dysenterie in Kronobergs 
Lan und Blekinge, sowie in Teilen von Kristianstads- und 
Hallands Lan in Schweden in den Jahren 1749— 1830 mit 
besonderer BerUcksichtigung der Sterblichkeit und Verbrei- 
tungsweise. — 1937. 

Knud Brochner-Morlensen: Uric acid in blood and urine. I937, 

John Reenslierna: A fourth orientation on the therapeutic value 
of an Anti-Leprosy Serum. — 1937. 

Hans Jacob Ustvedt: Ueber die Untersuchung der musikalischen 
Funktionen bei Patienten init Gehirnleiden, besonders bei 
Patienten mit Aphasie. — 1937. 

A. L. Tchifeosky: L’aeroionisation comme facteur physiologique 
et therapeutique, et comme un nouvel dldment sanitaire- 
hygidnique de Pair conditionnd. — 1938. 

Eero Fonteva: t)ber die Resultate der Diabetesbehandlung in 
Finnland. — 1938. 

Verhandlungen des achtzehnten nordischen Kongresses fOr 
innere Medizin zu Helsingfors 29. Juni — 1. Juli 1937 heraus- 
gegeben von Dozent, Dr. Med. E.Adlercreutz. — 1938. 

Medical and physiological papers dedicated to Dr, H. C. 
Hagedom. — 1938. 

Viggo Thomsen: Studies of trauma and carbohydrate meta- 
bolism with special reference to the existence of traumatic 
diabetes. — 1938. 

Roald Opsahl: Zur Pathogenese der arteriellen Hypertension. 
— 1938, 

Gustav Nylin: The practical applicability of the cardio-pul- 
• monary function test. — 1938, 

Johannes Wahiberg: Studien fiber die Schilddrfisenkrankheiten 
in Finnland. — 1938. 

Bengt Ihre: Human gastric secretion. A quantitative study of 
gastric secretion in normal and pathological conditions. 1938. 

Erik Gripwall: Zur Klinik und Pathologic des hereditaren 
hamolytischen Ikterus. — 1938. 

Torsten Lindquist: Studien fiber Vitamin A beim Menschen. 
_ *1938 

Birger Jonssan: Zur Epidemiologie der Kinderlahmung. 

Georg C. Bran: Cholesterol content of the red blood cells m 

man. — 1939. , 

Eric Jonsson: Studien Qber experimentelle Arthntiden und 
Karditiden, Ein Beitrag zur Frage der pathogenetischen 
Bedeutung endokriner Faktoren bei dem sogenannten 

Gelenkrheumatismus. — 1939. rr 1 , o 

Jarl Forssell: Morphologische Veranderungen im KnochenmarK 
und Blut bei akuten Blutungsanamien. 1939. 

I. Lundholm: Hereditary hypochromic anemia. 1939. 

Karl Evang and Otto Galtung Hansen: An inquiry ^^0 
diet of 301 poorly situated families in Norvray, — 19o9- 

Guido TSllerTnan: Uber Sternalmark und Blut bei Wurmtragern. 
1939, 

Erling IPang; Clinical and experimental investigations on 
the creatine metabolisme. — 1939. 
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rv. Kna, StudW «bor das Jcrtallon dcs Vcncndraakcs 

■ bcim valsalvaschen Versuch. - 1939. 

evil. Jean Lequime: Le ddbit (^r jer inlcrnatlonalcn Gesell- 

aid 25. and 25. Aagast 

CIX. i>,r'S«ntoT«bKh"re Motackromasia dcrsvcisscn BlalMrpcr- 

CX. »S“i/s~ “gc zur Diagaosllk- dar Vitamln-C-Mangclkmal,- 

rxl Sankungsreaktion dcr ralea Blolkarparchan bci 

CXI. Thrombosen und Gchirnblutungcn sowic emigen 

anderen Gefasserkrankungen. t- 1910. . , ' rr > 

ex'll. Hall Scharlum-Hanscn: Das Stcrnalmarb bci Icukamisclicti Krank- 
hoiten und die Gencse der Monozylcn. -- 1940. 
rxTiT Ada mcdica scandinavica, author and subject index to voj, 5/ luu, 

■ and supplements 1-100, 1919-1939. - 1940. 

CXIV. Hugo Jelke: Dber Hyperparathyreoidismus, ~ 1940. 

CXV. Hdkon Rasmusen: Influence of the thyroid Jionnonc on liwrl and 
circulation. — 1941. 

CXVI. Jorgen H. Vogt: The influence of some diet factors on the irnlabilily 
of the skin and on the mineral contents of the .skin and blood 
plasma in rabbits. — 1941. 

CXVII. Fredrik Sundelin: Die Goldbehandluug dcr chronischen Arthritis 
untcr bcsondcrer BerQcksicliligimg- dcr ICompliknlioncn. — 
1941. 

CXVIII. John Reenslierna: Further therapeutic tests with an antileprosy 
serum. — 1941. 

CXIX. Olof Nordcnfdl: Ober funktionclle Verandcrungen der P- und 
T-Zacken im Elektrokardiogramm. — 1941. 

CXX. Leo Noro: Untcrsuchungcn Qber die Trotyl-, Tctryl- und Knall- 
quecksilbervergiftungen bcl den Arbetern dcr Munilionsfnbrikcn 
Finnlands. — 1941. 

CXXI. Aage Lachmann: Hypoparathyroidism in Denmark. A clinical 
•study. — 1941. 

CXXII. Carl August Hernberg: Die Crosse imd Form tier roten Blut- 
korpcrchen bci Mcnschen vcrschicdcncn Alters unter phv.sio- 
logischen Verhrdtnisscn. — 1941. 

CXXIII. Rapports ct comptes rendus du di,\-ncuviimc congrfes dc inddecine 
dcs pays du Nord term A Oslo du 27 nu 29 Juin 1939. — 
1941. 

exXIV. Gdsta Widstrdm: TJic problem of vaccination against tuberculosis 
An c.\perimcntal study. — 1911. 

eXXV. Mikael Skfcldcrup Kobro; Asthmatic bronchitis. A clinic.al inlhoi-e 

netic and therapeutic study. — 1042 “""uu. p.iutogi . 

GXXVI. OlelLEvcnscn: Alimentary hypoglycemia after .sfomedi oncri 
cum. -'•P«yb.g on ghrcoratlSit 




principle. — 1942 . 
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CXXXII. Carl-Olof Oldfell: Oxygen consumption and grow-lh and the effect 
of immune and normal sera. In vitro studies on tvo bacterial 
strains. — 1942. 

CXXXIII. Per Wising: A study of infectious mononucleosis (Pfeiffer’s 
disease) from the etiological point of view. — 1942. 

CXXXIV. J organ E. Thygesen: The mechanism of blood sedimentation — 
1942. 

CXXXV. Erik Hedoall: Bovine tuberculosis in man. A clinical study of 
bovine tuberculosis, especially pulmonary tuberculosis, in the 
southernmost part of Sweden, and Hilding Magnusson: The 
relation between bovine and human tuberculosis from the 
veterinary point of view. — 1942. 

CXXXVI. Paavo Maijala: Klinische Untersuchungen uber die Haufigkeit 
und Art der seropositiven Spatlues in Finnland. — 1942. 

GXXXVII. Thor Sallslrom: Das Vorkommen und die Verbreitung der multip- 
len Sklerose in Schweden. — 1942. 

CXXXVIII. Fritz Karlslrom: The Cl-ion content of the cerebrospinal fluid and 
its relation to the Cl-ion content of the blood. — 1942. 
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Proceedings of the Royal Society of Medicine, Yol. XXXV. No. 11, 
London, September, 1942. 

De nordiska kriminalisiforcningarnas drsbok 1940— -dl. 291 sid. 
Mated, 1942> 

Annual report of the board of regents of The Smithsonian Institution, 
1938, 1939 and 1940. ^Yashington 1939 — 1941. 3 volumes. 

Bj. Holmgren: Blekingcs flora, 380 s. J. A. Krooks Bokliandcl, 
Karlskrona, 1942- 

St. J. Leitner: Der Morbus Besnicr-Bocck-Scliaumann. Clironischc 
epitheloidzellige Retikuloendotheliosc sivc Granulomalose. 138 
S. 37 Abb. Benno Sclnvabc & Co, Verlag, Basel, 1942. 

Eugen Lepeschkin: Das Elcktrokardiogramni, Ein Handbuch fiir 
Theorie und Praxis, 560 S. 150 Abb, Preis: gch. RM 26.25, geb. 
RM 27.75. Kreislauf-Biicherci. Band -7. Verlag von Theodor 
Steinkopff, Dresden und Leipzig, 1942. 

Sulfamidoterapia. Biochiniica Patologia Clinica, vol. I, 1942. XX. 
Serie l;o di Chemiolerapia, 1. T. E. R., Torino, 

Karl Mylius: Rbeumatismus und Auge. 9l S. 15 Abb. und 2 far- 
bigen Tafcln. Preis: geb. RM 5,15. Der Rbeumatismus, Band 
22. Verlag von Tlicodor Steinkopff, Dresden und Leipzig 1942. 



